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Die regressive Faziesentwicklung im Ober-Toarcium/ 
Aalenium der NW-Iberischen Ketten, Spanien 


The marine regression of Upper Toarcian/Aalenian age in the NW Iberian 


Chains, Spain 


Von 
D. Mertmann, Bochum 


Mit 15 Abbildungen und 2 Tabellen im Text 


MERTMANN, D. (1986): Die regressive Faziesentwicklung im Ober-Toarcium/Aalenium 
der NW-Iberischen Ketten, Spanien. [The marine regression of Upper Toarcian/ 
Aalenian age in the NW Iberian Chains, Spain]. - N. Jb. Geol. Paläont. Abh. 173: 
1-46; Stuttgart. 


Abstract: The carbonaceous Upper Toarcian and Aalenian rocks of the NW Iberian 
Chains were investigated in 54 sections. 

9 microfacies types were established. On the base of ammonite determination 
complete zonal successions, condensations and omissions are described. 

Areas with sudden changes of facies combined with omission and/or condensation 
were differentiated from regions with a slower subsequent change to shallow marine 
environments and from those which remained open marine with steady subsidence 
and sedimentation. Different exposed areas influenced the sedimentation by both 
clastic and terrigeneous input. In comparison to the Toarcian the sedimentation area 
was disintegrated in diverse environments. 

Dates for the Aalenian development in other regions were compiled from 
literature. 

The effects from those apparent changes were linked to plate movements in the 
Atlantic and the Tethys. 


Key words: Aalenium, Regression, Mikrofazies, Paläogeographie; Spanien, NW- 
Iberische Ketten. 


Zusammenfassung: Das Ober-Toarcium/Aalenium ist in Spanien durch unstete 
Sedimentation geringmächtiger, teils kondensierter Ablagerungen gekennzeichnet. 
Andererseits entstanden mächtigere, biomikritische Gesteinsserien mit kompletter 


Zonenfolge. 
Die karbonatischen Sedimente dieser Zeitspanne wurden in den NW-Iberischen 


Ketten in 54 Profilen untersucht. 
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Insgesamt unterscheiden sich 9 Mikrofazieseinheiten. Biostratigraphisch wurden 
Schichtliicken, Kondensation und vollstandige Zonenfolgen nachgewiesen. 

Bereiche mit abruptem Fazieswechsel, Kondensation bis zur Nichtsedimentation 
sind von Gebieten mit allmahlichem Umschwung zu flacheren Ablagerungsbedin- 
gungen und von solchen mit kontinuierlicher Subsidenz und Sedimentation 1m 
offenen, marinen Subtidal zu trennen. Hochgebiete beeinflussen vorgelagerte flachere 
Regionen durch Sandeinstreuungen und Antransport von Fe-Oxiden. Im Vergleich 
zum Toarcium vollzog sich eine Differenzierung des Meeresraumes durch seine 
Verflachung in unterschiedliche Faziesbereiche. 

Daten zur iiberregionalen Faziesentwicklung sind der Literatur entnommen und 
werden kurz zusammengefaßt. 

Die einschneidenden Veränderungen im Zeitraum des Aalenium werden auf 
plattentektonische Bewegungen zurückgeführt. 
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1. Einleitung » 


Im Jura Spaniens entstanden von Zeit zu Zeit kompliziert aufgebaute, 
markante Sedimentfolgen (BENKE 1981, MENSINK & MERTMANN 1984a, b). 
Sie verdienen als „Leithorizonte“ und vor allem als Indikator weiträumig 
gleichartiger Veränderungen der Ablagerungsbedingungen besondere 
Beachtung. In der vorliegenden Abhandlung sind die Schichten des 
Aalenium beschrieben, um daraus die Sedimentationsgeschichte dieser 
Zeitspanne zu rekonstruieren. 


1.1 Geologischer Rahmen 


Die Untersuchung konzentrierte sich auf die Juragebiete der nordwest- 
lichen Iberischen Ketten. Sie bilden einen NW-SE streichenden Gebirgszug, 
der von den Tertiärbecken des Ebro, Duero und Tajo umgeben ist (Abb. 1). 

Das Hauptarbeitsgebiet lag in den Provinzen Burgos, Soria, Logrofio und 
Zaragoza mit den Landschaften der Sierra de la Demanda, der Sierra de los 
Cameros und der Sierra del Madero. Jurasedimente sind dort in der 


Die vorliegende Arbeit ist die veränderte Fassung meiner Dissertation. Ich danke 
Herrn Prof. Dr. H. Mensınk für die Anregung, das Aalenium zu studieren, und für sein 
stetes Interesse an ihrem Fortgang. Der Deutsche Akademische Austauschdienst und 
die Deutsche Forschungsgemeinschaft unterstützten die Anfertigung durch die Vergabe 
von Reise- und Sachmitteln. 
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Abb. 1. Geologische Großgliederung der Iberischen Halbinsel und die Vorkommen 
von marinem Jura in den Mesozoikum-Gebieten. 

Schraffiert - Paläozoikum, weiß - Mesozoikum, schwarz - mariner Jura, punktiert - 
Känozoikum, 1 - Meseta, 2 - Pyrenäen, 3 - Iberische Ketten, 4 - Betikum, 5 - Duero-, 
6 - Ebro-, 7 - Tajo-, 8 - Guadalquivir-Becken. 

Fig. 1. Geological sketch of the Iberian peninsula and the distribution of marine 
Jurassic rocks in the Mesozoic areas. Explanations see above. 


Umrandung paläozoischer Horste und an Diapiren erhalten. In diesem Raum 
wurden 54 Profile des Aalenium aufgenommen (Abb. 2 und Anhang). 

Vergleichende Aussagen zu Aalenium-Ablagerungen in NW- und SE- 
angrenzenden Bereichen beruhen auf eigenen Beobachtungen in 22 Profilen, 
fortlaufend numeriert, und Literaturdaten (MERTMANN 1984). 


1.2 Kenntnisstand 


Daten zum Lias/Dogger-Grenzbereich der NW-Iberischen Ketten finden 
sich in zahlreichen regionalgeologischen Arbeiten. Genauere und spezielle 
Aalenium-Untersuchungen sind seltener, meist biostratigraphisch ausge- 
richtet und nur vereinzelt mit Faziesanalysen vereint. 


Mensınk (1966) wies schon auf die deutliche Änderung des Ablagerungsraumes 
vom Lias zum Dogger hin. Nach einer regelmäßigen Kalk-Mergelsedimentation setzte 
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Abb. 2. Lage der untersuchten und zitierten Profile im Hauptarbeitsgebiet der NW- 
Iberischen Ketten sowie in den nördlich und südlich angrenzenden Bereichen. Profil- 
nummern vergleiche Anhang. 

Fig. 2. Location of studied and mentioned sections in the main investigation field 
of the NW-Iberian Chains and northern and southern adjacent areas. 


eine schwach sandige, bioklastreiche Kalkablagerung ein. In der murchisonae-Zone 
(nach Arkeır 1956) wurden bei Canales (14) und Neila (18) dickere, bei Hontoria (33) 
und Aldealpozo (46) nur wenige cm-dünne Fe-Ooidkalke gebildet. Die Faunen 
gruppieren sich um Ludwigia murchisonae (SowERBy) und Graphoceras concavum 
(SOWERBY), ließen sich aber nur bei Prejano stratigraphisch trennen. 

In den Profilen San Leonardo de Yagüe (34) und Canales (14) bezeichneten GEYER, 
BEHMEL & HINKELBEIN (1974) den Fe-Ooidhorizont als „Unteren Grenzoolith“ und 
verfolgten ihn vom Betikum bis weit nach Norden. Sie definierten in einigen Profilen 
(z.B. Aguilön, 62) eine unterschiedlich lang andauernde Sedimentationsunterbrechung 
vom Ober-Toarcium bis Unter-Aalenium und eine anschließende Mangelsedimentation 
mit Fe-Ooidbildung im weiteren Verlauf des Aalenium bis maximal Unter-Bajocium. 

Assens (1971 b) ordnete dem Aalenium im Profil Anguiano (11) eine Kalk-Mergel- 
folge zu. Butarp (1972) begann seine Geländeaufnahmen meist mit Gesteinen dieser 
Stufe. 

VALLADARES (1976, 1980) beschäftigte sich mit dem Westrand der Sierra de la 
Demanda und dem Südteil der Sierra de los Cameros. 

Eine detaillierte biostratigraphische Gliederung der Sedimente am Ebrobeckenrand 
bei Préjano (41) und Muro de Aguas (42) legten Goy & Urera (1981) vor. Sie fanden, 
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ebenso wie Mensınk (1966), alle Aalenium-Zonen getrennt vor; das höchste Toarcium 


ist teils in einer Fe-Kruste kondensiert. 

In ihrer Dissertation beschrieb Ureta Gu (1983) zusätzlich zehn Profile aus der 
Sierra de la Demanda und der Sierra de los Cameros biostratigraphisch und paläonto- 
logisch. Gesteine der opalinum- und murchisonae-Zone sind stets vorhanden, die der 
concavum-Zone sind oft extrem dünn bis fehlend und enden mit einer Diskontinuität. 
Als Schichtlücke reicht sie bis in die mittlere/höhere sowerbyi-Zone. Der Sedimenta- 
tionsraum ist nach ihr in drei Einheiten, die parallel den Küsten der Meseta im 
Südwesten und des Ebromassivs im Nordosten verlaufen, gegliedert; eine stabile 
Plattform in der Mitte wird von zwei tieferen Meeresbereichen flankiert. 


2. Karbonatkiassifikation 


Die Gesteine des höchsten Toarcium, Aalenium und untersten Bajocium 
lassen sich aufgrund unterschiedlicher Komponentenführung 9 Faziesein- 
heiten (abgekürzt F) und 5 Untereinheiten zuordnen. Diese verzahnen sich 
in vielfältiger Weise miteinander (Abb. 3). 
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Abb. 3. Faziesverzahnungen im Aalenium, im unmittelbar liegenden Toarcium (L) und 
unmittelbar hangenden Bajocium (H). Legende siehe Abb. 15. 
Fig. 3. Facies connections in the Aalenian, the uppermost Toarcian (L) and the 


lowermost Bajocian (H). Explanations see Fig. 15. 


Die Faziesuntersuchungen beruhen auf der Analyse von ca. 850 
Diinnschliffen. Die Grundmasse ist nach Mikrit, Mikrosparit und Sparit 
unterschieden. Partikelanteile sind mit Hilfe der Schatztafeln von BAcELLE & 
BosseLinı (in Frücer 1978) ermittelt und in Tab. 1 dargestellt. Die 
Bezeichnung der Partikel erfolgte in Anlehnung an die von Früceı (1978) 
gegebenen Definitionen. Zur Klassifizierung wurden die Nomenklaturen von 
Fork und Dunuam (in Frücer 1978) benutzt, soweit wie möglich auch die 
Standardmikrofazies- und Fazieszonentypisierung von Wırson (1975). 
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_Villavelayo (13), Canales I, II, (14, 15), Barbadillo del Pez (16), Huerta de arriba (17) 
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Biomikritfazies (F 1) 
Untereinheit 1.1: Biomikritfazies (Abb. 4). 
Fork: biogenführender Mikrit, locker bis dicht gepackter Biomikrit 
DunHam: mudstone, bioclastic wackestone, bioclastic packstone 


Vorkommen: Pradillo de Belorado (9), Escaray (10), Anguiano (11), Brieva (12), 
Neila (18), St. Inés (19), Quintanar (20), Mazuecos (21), La Acefia (22), Piedrahita de 
Muno (23), Quintanilla de las Vifias (24), Castrovido (25), Moncalvillo (26), La Tejada 
(27), Mamolar (28), La Gallega (29), Hontoria I, II, III (30, 32, 33), San Leonardo (34), 
Vadillo (35), Talveila (36), Cubilla (37), Las Fraguas (38), Torrecilla (39), Jubera (40), 
Préjano (41), Muro de Aguas (42), Fuentes de Agreda (43), Olvega (44), Soria (45), 
Aldealpozo (46), Pozalmuro (47), El Alto de Pajaranco (48), Hinojosa (49), Pinilla (50), 
Noviercas I, II (51, 52), Borobia I, II (53, 54), Ciria I, II (55, 56), Malanquilla I, II (57, 
58), Aranda de Moncayo (59), Bijuesca (60), La Almunia de Dofia Godina (61), 
Aguilön (62). 


Auswertung: Die Biomikritfazies verzahnt sich mit allen anderen 
Faziestypen, so daß Komponenten von jenen eingeschwemmt sein können. 
Dies gilt besonders für höhere Profilabschnitte. Kennzeichnend sind jedoch 
zahlreiche, gut erhaltene Bioklasten und Biogene des normalmarinen 
Subtidal mit offener Wasserzirkulation. Bioturbation ist häufig. Durch 


erhöhte Wasserbewegung entstanden in seltenen Fällen bioklastische grain- 


stones mit Echinodermen- oder Schalenanhäufungen. Die Biomikrite gehen 
in einigen Profilen in fast fossilleere Mikrite mit reicher Bodenfauna über. 
Der Ablagerungsraum war dann ein Stillwasserbereich. 


Untereinheit 1.2: Filamentmikritfazies 
Fork: locker bis dicht gepackter Filamentmikrit. 
Dunuam: filamentous wackestone, filamentous packstone. 


Vorkommen: Mazuecos (21), Quintanilla de las Vifias (24), Torrecilla (39), Jubera 
(40), Préjano (41), Muro de Aguas (42). 


Auswertung: Typisch sind lange, meist schichtparallel eingeregelte, 
calcitische Bruchstücke dünnschaliger Muscheln, die Kunry (1975) der 
Gattung Bositra zuordnete. Echinodermen- und Schalenreste sind nur bis 0.1 
mm groß. Wühlgänge sind mit Mikrit, fast ohne Komponenten, verfüllt. 
Sporadisch sind runde bis ovale, gut sortierte Peloide in schwach sammelkri- 
stallisierten Bereichen sichtbar. Quarze sind als eckige Korner in Silt/Sand- 
Korngröße eingestreut. Die Filamente weisen auf einen marinen, normal- 
salinen, subtidalen bis pelagisch beeinflußten Meeresraum hin. 


Untereinheit 1.3: Sandige Biomikritfazies 
Fork: Biomikrit mit Quarz 
Dunuam: sandy wackestone, sandy packstone. 


Vorkommen: Mazuecos (21), Castrovido (25), Fuentes de Agreda (43). 
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Auswertung: Im Vergleich zu anderen Profilen ist der Gehalt an detri- 
tischem Quarz erhöht. Die Profile liegen in Randgebieten der Juraver- 
breitung. Bei Fuentes de Agreda gelangten Siltkörner in einen bioklastfüh- 
renden Mikrit. Bei Mazuecos sind es Quarzsandpartikel. Die Korngröße des 
kantengerundeten Detritus von Castrovido schwankt zwischen Silt und Kies. 
Er befindet sich zusammen mit größeren Bio- und Intraklasten in einem 
stellenweise ausgewaschenen Mikrit. 

Der Quarzdetritus wurde vom Land in ein küstennahes Flachwasser 
transportiert. Auch in den anderen Profilen werden mit dieser Fazies Küsten- 
einflüsse deutlich. 


Peloidkalkfazies (F 2) (Abb. 4) 
Fork: Pel-bio-mikrit. 
Dunnam: peloidal, bioclastic wackestone bis packstone. 


Vorkommen: Mazuecos (21), Piedrahita de Muno (23), Castrovido (25), Prejano 
(41), Muro de Aguas (42), Aldealpozo (46), Noviercas I, II (51, 52), Borobia I, II (53, 
54). 


Auswertung: Die Grundmasse ist ein teils ausgewaschener Mikrit, der 
zahlreiche Echinodermen- und Schalenreste von Pelecypoden und Brachio- 
poden enthält. Die Peloide sind gut sortierte, bis 0.1 mm große, runde bis 
ovale, minimikritische Kotpillen. Bioturbation ist häufig und durch eingere- 
gelte Fossilstückchen zu erkennen. Die Sedimentation erfolgte im offenma- 
rinen, tieferen Subtidal. Faziesübergänge bestehen zu allen Untereinheiten 
der Biomikritfazies. 


Aggregatkornkalkfazies (F 3) 
Fork: Intra-bio-mikrit. 
Dunuam: intraclastic, bioclastic wackestone bis packstone. 


Vorkommen: St. Inés (19), Moncalvillo (26), La Gallega (29), Rabanera (31), 
Hontoria I, II, III (30, 32, 33), San Leonardo (34), Vadillo (35), Talveila (36), Las Fraguas 
(38), Aldealpozo (46), Ciria I, II (55, 56), Malanquilla I, II (57, 58), Aranda de Moncayo 
(59). 


Auswertung: Fossilreste, Peloide und kleine Intraklasten sind durch 
eine mikritische Matrix zu lumps verkittet. Diese sind als unregelmäßig 
geformte, bis 2 mm große Gebilde im Mikrit eingelagert. Muschelschalen 
sind auffällig groß und gut erhalten. Korallen kommen meist als Einzel- 
individuen immer wieder vor und sind im Raum Hontoria kennzeichnend 
für diesen Profilabschnitt. Kleine Biomikritgerölle machen den Intraklast- 
anteil aus. Die Aggregatkörner, die Häufigkeit inkrustierender Organismen 
und die dickschaligen Muscheln lassen auf ein flaches, subtidales Meeres- 
gebiet schließen. Die Wasserzirkulation war überwiegend gering. Nur 
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| zeitweise führte erhöhte Wasserbewegung zu Intraklastbildung und etwas 
| Auswaschung. Die Sedimentationsrate war erniedrigt. 
Intraklastkalkfazies (F 4) (Abb. 4) 

Fork: Intra-bio-mikrit. 

Dunnam: intraclastic, bioclastic packstone bis floatstone. 


Vorkommen: La Tejada (27), Rabanera (31), Pinilla (50), Borobia II (54). 


Auswertung: Bis 5 cm große, abgerundete, angebohrte und teils Fe- 
imprägnierte Mikrit- oder Biomikritintraklasten sind typisch. Sie zeigen 
synsedimentäre Lithifizierung, Erosion, Besiedlung und Fe-Fällung in Nicht- 
‚ sedimentationszeiten an. Die überwiegend mikritische Matrix enthält 
' außerdem Fossilklasten, die von inkrustierenden Organismen überwachsen 
sind. Der Ablagerungsbereich könnte im flachen Subtidal, zeitweise oberhalb 

der Wellenbasis, gelegen haben. 


Onkoidkalkfazies (F 5) (Abb. 4) 
| Fork: Onko-bio-mikrit. 
DunHam: oncoidal, bioclastic wackestone bis packstone bis floatstone. 


Vorkommen: La Tejada (27), Las Fraguas (38). 


Auswertung: In der überwiegend mikritischen Grundmasse sind neben 
Bioklasten vor allem Onkoide vorhanden. Letztere sind gut erhalten, wenig 
oder gar nicht transportiert und zwischen 0.4 mm und 2 cm groß. Ihre Kerne 
sind meist Bioklasten und Aggregatkörner. Durch die Umkrustung 
entstanden runde bis ovale, aber auch lappige Gebilde. Die nach ihrer 
Genese biogenen Onkoide lassen sich den Gestalttypen C und I (Locan, in 
Frücer 1978) zuordnen, die zum einen für Perioden verringerter Sedimen- 
tation typisch sind und zum anderen auf synsedimentäre Aufarbeitung 
hinweisen. Zeitweise muß daher eine erhöhte Wasserbewegung geherrscht 
haben, die auch die geringe Auswaschung bedingte. Die Bildung der 
Onkoide geschah im flachen Subtidal. Echinodermen und Schalen wurden 
als Bruchstücke zusammengeschwemmt. 


Fe-Ooidkalkfazies (F 6) (Abb. 5) 
Foık: Fe-oo-bio-mikrit. 
Dunuam: Fe-oolitic, bioclastic wackestone bis packstone. 


Vorkommen: Pradillo de Belorado (9), Escaray (10), Anguiano (11), Brieva (12), 
Villavelayo (13), Barbadillo del Pez (16), Huerta de arriba (17), Quintanar (20), 
Marmolar (28), La Gallega (29), Rabanera (31), Hontoria I, II, III (30, 32, 33), San 
Leonardo (34), Vadillo (35), Talveila (36), Cubilla (37), Aldealpozo (46), Pozalmuro 
(47), El Alto de Pajaranco (48), Hinojosa (49), Noviercas I, II (51, 52), Borobia I, II (53, 
54), Aranda de Moncayo (59), Aguilön (62). 
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Abb. 4. a) Biomikritfazies (F 1.1) 

In einer mikritischen Grundmasse sind zahlreiche Schalen- und Echinodermenreste 
sowie einige Foraminiferen enthalten. Der Kalkschlamm wurde intensiv durchwiihlt. 
Schliff A 9, Aldealpozo (46), Bildbreite 2,5 mm. 

b) Peloidkalkfazies (F 2). 

Peloide und Bioklasten sind die häufigsten Komponenten in diesem schwach ausgewa- 
schenen Mikrit. Schliff Alb 7, Albarracin (70), Bildbreite 2,5 mm. 


Die regressive Faziesentwicklung im Ober-Toarcium/Aalenium 11 
| 
| 


Auswertung: Die Fe-Ooide sind runde bis ovale, streng konzentrisch 
aufgebaute, tangentialstrukturierte Körner mit einem Auslöschungskreuz 
unter gekreuzten Nicols. Die Hüllen umschließen Bioklasten, Intraklasten, 
 Aggregatkörner oder seltener Quarz. Sie sind durch Bioturbation in Nestern 
angereichert oder sonst in der Grundmasse unregelmäßig verteilt und nur 
mäßig sortiert. Ihre Größe beträgt maximal 1.5 mm. Es kommen sowohl 
Einfach- wie Normalooide vor, die nach ihrer Gestalt in Einzel- und 
Polyooide unterschieden werden können. Meist sind sie vollkommen 
erhalten und nur selten zerbrochen. Ringförmige Hohlräume, die durch 
Schrumpfung der Ooidhüllen entstanden, wurden diagenetisch durch Sparit 
neu verfüllt. Einzelne, zerbrochene Fe-Lagen sind durch Sparit neu 
verbunden. Daher ist eine diagenetische Entstehung durch Umkristallisation 
aus Aragonit (KIMBERLEY 1979) nicht sehr wahrscheinlich. Vielmehr sind die 
Fe-Ooide primären Ursprungs und durch Fällung von Fe-Hydroxidgelen 
entstanden (Targor 1974). Diese wurden vermutlich vom Land als Fe-Oxide 
herantransportiert. Die Genese der Ooide geschah im Meer, da ausschließlich 
marine Organismen und anorganische Komponenten umgeben sind. Die 
Ooide bestehen heute überwiegend aus Limonit. Grün gefärbte Fe-Ooide, 
die auf einen chamositischen Chemismus hinweisen, sind selten (Pozalmuro, 
47). Gycı (1981) zeigte auf, daß Chamosit-und Goethit/Limonitooide im 
gleichen Ablagerungsraum gebildet werden können. Erstere unter reduzie- 
renden Bedingungen im Sediment, letztere auf der Sedimentoberfläche. Gycı 
(1981) nimmt an, daß durch zeitweise erhöhte Wasserbewegung eisenhydro- 
xidreicher, landnah abgelagerter Schlamm aufgewirbelt und resedimentiert 


c) Intraklastkalkfazies (F 4). 

In einer mikritischen Grundmasse, die auch Bioklasten und Peloide führt, sind 
Biomikrit-Intraklasten typischer Bestandteil. Schliff Te 3, La Tejada (27), Bildbreite 
PSsemm. 

d) Onkoidkalkfazies (F 5) 

Mehrere unregelmäßig geformte, biogene Onkoide befinden sich in einer biomikri- 
tischen Grundmasse. Schliff Te 13, La Tejada (27), Bildbreite 2,5 mm. 

Fig. 4. a) Biomicritic limestone facies 

Several fragments of shells, echinoderms and some foraminifers are preserved in a 
micritic matrix. The lime mud was intensively bioturbated. Thin section A 9, 
Aldealpozo (46), length of figure 2,5 mm. 

b) Peloidal limestone facies 

Peloids and assorted bioclasts are the major components in this poorly washed micrite. 
Thin section Alb 7, Albarracin (70), length of figure 2,5 mm. 

c) Intraclastic limestone facies 

In a micritic matrix, which contains also bioclasts and pellets, intraclasts are typical 
components of this rock facies. Thin section Te 3, La Tejada (27), length of figure 2,5 
mm. 

d) Oncolitic limestone facies 

Several, irregularly shaped oncoids are distributed in the biomicritic matrix. Thin 
section Te 13, La Tejada (27), length of figure 2,5 mm. 
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wird. Seine Fe-Anteile erreichen den Boden zuletzt und sind dann relativ 
angereichert. Unter günstigen Bedingungen kann dort eine Fe-Ooidbildung 
beginnen. Nach ihrer Fertigstellung wurden die Fe-Ooide nur wenig bewegt 
und parautochthon im Mikrit eingelagert. Die Begleitfauna besteht aus 
dickschaligen Muscheln, agglutinierenden Foraminiferen und Echinoder- 
menresten. Der Ablagerungsraum war ein marines Subtidal, vermutlich 
relativ flach und im Einflußbereich vom Land. 


Fe-Aggregatkornkalk-Fazies (F 7) (Abb. 5) 

Fok: Fe-intra-bio-mikrit. 

Dunnam: Fe-intraclastic, bioclastic wackestone bis packstone bis 
floatstone. 


Vorkommen: Brieva (12), Canales I, II (14, 15), Neila (18), St. Inés (19), Quintanar 
(20), Cubilla (37), Pinilla (50), Ciria I, II (55, 56), Malanquilla I, II (57, 58), Bijuesca (60). 


Auswertung: Die Fe-Aggregatkornkalkfazies beinhaltet Fe-Aggregat- 
körner und/oder Fe-Onkoide. Beide sind nur mikroskopisch von den Fe- 
Ooiden zu unterscheiden. Die Fe-Aggregatkörner besitzen unregelmäßige 
äußere Formen und bestehen intern aus verschiedenen, mikritisch mitein- 
ander verkitteten, biogenen Komponenten. Es sind überwiegend lumps. Die 
Fe-Onkoide entstanden durch die Umkrustung von Bioklasten durch 
Foraminiferen vom Typ Nubecularia. Ihre maximale Größe liegt um 2 mm. 
Ihre Strukturen erinnern an die von Rat (1966) beschriebenen Nubecularien- 
Onkoide aus dem Bajocium der Bourgogne. Die Fe-oxidischen Kompo- 
nenten sind überwiegend gut erhalten, aber nur mäßig sortiert. Sie sind 
wenig bis gar nicht transportiert. Während ihrer Bildung war die Sedimen- 
tation stark verlangsamt oder setzte zeitweise ganz aus. Die Fe-Hydroxidgele, 
als Fe-Oxide vom Land angeliefert, wurden submarin unter Mitwirkung der 
am Aufbau der Komponenten beteiligten Biogene gefällt. Dickschalige 
Muscheln, inkrustierende Organismen, agglutinierende und kalkschalige, 
benthonische Foraminiferen sowie Echinodermen sind die häufigsten Fossil- 
reste. Die Komponenten befinden sich in einem nur sehr schwach ausgewa- 
schenen Mikrit. Die Ablagerung geschah in einem küstennahen, flachen 
Stillwasserbereich, der nur gelegentlich durch Strömungen oder Wellen 
aufgewirbelt wurde. Das Milieu war normalmarin. 


Mikritfazies (F 8) 
Fork: Bioklastführender Mikrit, zum Teil Dismikrit. 
DunHAm: mudstone. 


Vorkommen: Piedrahita de Muno (23), Castrovido (25), Moncalvillo (26), La 
Tejada (27), Mamolar (28), La Gallega (29), Rabanera (31), Hontoria I, II, III (30, 32, 33), 
San Leonardo (34), Vadillo (35), Talveila (36), Cubilla (37), Las Fraguas (38), Ölvega 
(44), Pozalmuro (47), Noviercas I, II (51, 52), Borobia I, II (53, 54), Ciria I, II (55, 56), 
Aranda de Moncayo (59), Bijuesca (60), La Almunia de Dona Godina (61). 
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Auswertung: Die dünnbankigen, gelb-grünen Gesteine sind manchmal 
laminiert und enthalten gelegentlich birdseyes-Strukturen. Neben gänzlich 
fossilleeren Dismikriten kommen Mikrite mit einzelnen Foraminiferen- und 
Ostracodenschalen oder kleinen Muschel- und Crinoidenresten vor. Biotur- 
bation fehlt. Die Mikrite entstanden wahrscheinlich i in flachen Lagunen mit 


\ eingeschränkter Wasserzirkulation. 


Schwammkalkfazies (F 9) 

Untereinheit 9.1: Spongiolithfazies (Abb. 5). 
Fork: Biolithit. 

Dunuam: boundstone. 


Vorkommen: Canales J, II (14, 15), Hontoria III (33), Vadillo (35), Cubilla (37), 
Aldealpozo (46). 


Auswertung: Die Schwämme sind in Lebensstellung als lagige, seltener 
becherförmige Gebilde erhalten. Gerüststrukturen sind nur gelegentlich 
überliefert und überwiegend pseudopeloidisch umkristallisiert. Die 
Schwämme können von Algen überkrustet und auf ihrer Unterseite von 
Bryozoen besetzt sein. Hohlräume im Biostrom sind mit Mikrit verfüllt, der 
Peloide, Quarz und einige Fossilreste beinhaltet. Die sessilen Organismen 
besiedelten den Meeresboden vermutlich im subtidalen, normalmarinen 
Milieu. 

Untereinheit 9.2: Tuberolithkalkfazies. 

Fork: Bio-pel-mikrit. 


Dunuam: bioclastic, peloidal packstone. 


Vorkommen: Pradillo de Belorado (9), Villavelayo (13), Huerta de arriba (17), St. 


Ines (19), Moncalvillo (26), Rabanera (31), Hontoria III (33), Cubilla (37), Las Fraguas 


(38), Malanquilla II (58). 


Auswertung: Die mikritische Grundmasse enthält zahlreiche 
Schwammbruchstücke und vor allem Tuberoide. Die Komponenten liegen 
ungeordnet, meist dicht gepackt in der Grundmasse. Die Gesteine der 
Tuberolithkalkfazies entstanden innerhalb des Subtidal in der Umgebung 
von Schwammbiostromen. 


3. Biostratigraphie 


Die Datierung der Schichtfolge gelang mit ca. 500 horizontiert gesam- 
melten Ammoniten, die aufgrund der systematischen Beschreibungen u. a. 
von Conrini (1969), Grzcv (1966, 1967), RıEBEr (1963), SPIEGLER (1966) und 
Ureta Git (1983) bestimmt wurden (Tab. 2). 
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Abb. 5. a) Fe-Aggregatkornkalkfazies (F 6) 

Fe-Aggregatkörner sind in eine mikritische Matrix zusammen mit umkristallisierten 
Bioklasten eingelagert. Schliff MaE 7, Malanquilla II (58), Bildbreite 2,5 mm. 

b) Fe-Ooidkalkfazies (F 7) 

In einer bioklastführenden, mikritischen Matrix sind Fe-Ooide angereichert. Schliff P 
14, Hontoria III (32), Bildbreite 2,5 mm. 

c) Fe-Aggregatkornkalkfazies (F 6) 


— —— — — 
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Im untersuchten Gebiet ist die Zonenfolge des Ober-Toarcium/Aale- 
nium/Bajocium nur in einigen Regionen komplett, stratigraphisch getrennt 
und ohne Anzeichen reduzierter Sedimentation im Aalenium vorhanden. 
Dies sind die Profile am Ebrobeckenrand (Abb. 6). 

aalensis-Zone: MENSINK (1966) beschrieb aus dem Profil Préjano (41) die 
Subzone der Dumortieria radiosa (SEEBACH) mit Grammoceras subcomptum 
(Branco) und Dumortieria nicklesi (BENECKE). Goy & Ureta (1981) und 
Ureta Git (1983) bestimmten dann Pleydellia aalensis (Zieten) und viele 
andere Ammoniten dieser Zone bei Préjano (41) und Muro de Aguas (42). 
Sie ist ebenso in Jubera (40) und Torrecilla (39) ausgebildet. 

opalinum-Zone: In den NW-Iberischen Ketten ist sie mit Leioceras 
opalinum (REINECKE), Leioceras comptum (REINECKE) und anderen Formen 
dieser Gruppe gut nachzuweisen. In den höheren Schichtabschnitten kommt 
Tmetoceras scissum (BENECKE) vor. 

murchisonae-Zone: Nach Mensınk (1966), Goy & Urera (1981) und 
Ureta Git (1983) sind Ludwigia murchisonae (SowErBY), Ancolioceraten, 
Staufenien, Pseudographoceraten und Brasilien typisch. Seltener sind 
Abbasites spp., Pseudammatoceras spp. und Parammatoceras spp. beigemengt. 

concavum-Zone: MENSINK (1966) wies die Zone bei Préjano separat nach. 
Goy & Ureta (1981) und Ureta Gm (1983) bestätigten sie mit Graphoce- 
raten in Prejano (41), Muro de Aguas (42) und Torrecilla (39). Auch in Jubera 
(40) ist sie gleichermaßen vorhanden. 

„sowerbyi-Zone“: MENSINK (1966) fand in Préjano (41) Hyperlioceras 
discites (WAAGEN), Sonninia adicra (WAAGEN) und andere Sonninien. Goy & 


Die hier abgebildeten Fe-Onkoide entstanden unter Mitwirkung von Nubecularien. 
Die Grundmasse führt außerdem Bioklasten und etwas detritischen Quarz. Schliff Br 
15, Brieva (12), Bildbreite 0,7 mm. 

d) Spongiolithkalkfazies (F 9.1) 

Ein angeschnittener Hexactinellide mit teils calcitisch umkristallisierten Gerüststruk- 
turen. Einige Bereiche sind schon pseudopeloidisch umgewandelt. Schliff Va 14, 
Vadillo (35), Bildbreite 2,5 mm. 

Fig. 5. a) Fe-lump limestone facies 

Some Fe-lumps are found in a micrite together with some recrystallized bioclasts. Thin 
section MaE 7, Malanquilla II (58), length of figure 2,5 mm. 

b) Fe-Oolitic limestone facies 

In a biomicrite matrix many Fe-ooids are distributed. Thin section P 14, Hontoria III 
(32), length of figure 2,5 mm. 

c) Fe-lump limestone facies 

These Fe-oncoids developed with the help of nubecularian Foraminifera. Furthermore 
the matrix contains some bioclasts and a little bit of detrital quartz grains. Thin section 
Br 15, Brieva (12), length of figure 0,7 mm. 

d) Spongiolithic limestone facies 

A cut through a hexactinellid sponge with its secondary calcitic framework. Some parts 
are already changed into pseudopelletal structures. Thin section Va 14, Vadillo (35), 


length of figure 2,5 mm. 


Tabelle 2. Verteilung der bestimmten Ammonoideen-Fauna in den Profilen des Hauptarbeitsgebietes der NW-Iberischen Ketten. 


Table 2. Distribution of the determined ammonites in the sections of the main investigation area of the NW Iberian Chains. 
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‚Urera (1981) und Urera Grr (1983) beschrieben außerdem aus Muro de 
Aguas (42) Toxolioceras spp. assoziiert mit Braunsina spp., Reynesella spp. und 
Darrellella spp. In Torrecilla (39) definiert Hyperlioceras spp. den Beginn der 
»sowerbyi*Zone. In Jubera (40) weist Exhoploceras spp. zusätzlich auf den 
‚Grenzbereich hin. 

Abweichend von diesen „Normalprofilen“ erlauben in anderen, oft eng 
‚benachbarten Regionen (Abb. 6) reduzierte Gesteinsfolgen und Kondensa- 
tionen Rückschlüsse auf unstete Sedimentationsverhältnisse. Schichtlücken 
‚wechselnden Umfangs unterbrechen den kontinuierlichen Zonennachweis. 

a) Kondensation: Geringe Mächtigkeit, Fe-reiche Faziestypen und Fe- 
Krusten in Verbindung mit Hartgründen und Anzeichen verringerter 
Sedimentation deuten auf eine Kondensation hin. Ihr stratigraphischer 
Nachweis war schwierig, da öfter gut erhaltene Ammoniten fehlen. Konden- 
sationen kommen aber im höchsten Toarcium wie im Aalenium vor. 

Am Ebrobeckenrand sind in einer Fe-Kruste Ammoniten der aalensis- 
und buckmanni-Subzone des höchsten Toarcium vermischt. 

Am Demanda-Nordrand lassen sich die murchisonae- und concavum-Zone 
nicht stratigraphisch trennen. Der Fe-Ooidkalk enthält nebeneinander 
Ludwigien und Graphoceraten. 

In der Sierra del Madero sind vor allem in der Umgebung der Sierra de 
Toranzo Ammoniten des höchsten Toarcium, des Aalenium und der Wende 
Aalenium/Bajocium vermengt. 

b) Schichtlücken: Nichtsedimentationszeiten, die eine oder mehrere 
Zonen andauerten, sind meist gut nachzuweisen. 

In Castrovido (25) fehlen Sedimente der concavum-Zone, ın Escaray (10) 
und Canales II (15) solche der aalensis- und/oder der opalinum-Zone. 

c) Sedimentäre Uhnstetigkeiten: Hartböden und Erosionsflächen 
entstanden in Zeiten verringerter oder fehlender Sedimentation, und sind so 
eng mit Kondensation und Schichtlücken verknüpft. Im Untersuchungs- 
gebiet durchsetzen sie häufig die Gesteinsfolge; einige von ihnen sind sogar 
von Profil zu Profil zu parallelisieren. 

In den NW-Iberischen Ketten begannen Unstetigkeiten mit Hartgründen 
nur lokal im höchsten Toarcium oder frühen Aalenium. 

In der Sierra de la Demanda ist die Dachfläche der eisenoolithischen 
Gesteine eine plane Erosionsfläche mit gekappten Ammoniten, Belemniten 
und Schalenresten. 

Im Mazuecos-Castrovido-Gebiet gibt es in dieser Position einen von 
zahlreichen Endo- sowie sessilen und vagilen Epibenthonten besiedelten 
Hartboden. In den Vertiefungen sind Belemniten zusammengeschwemmt. 
Bei Castrovido ist der Hartboden deutlich angebohrt. In der Talveila- 
Hontoria-Region sind in einigen Profilen zwei, teils mit Limonit überkrustete 
Hartgründe vorhanden, die zusammenfallen können. 

Auch in der Sierra del Moncayo und del Madero sind im Aalenium 
immer wieder Hartgründe ausgebildet. Sie sind mit Aufarbeitung verknüpft. 


2 N. Jb. Geol. u. Paläont. Abh. Bd. 173 
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Der Boden und auf ihm liegende Fossilreste sind angebohrt, korrodiert und 
die Hohlräume mit Fe-Oxiden verfüllt. 


4. Sedimentationsgeschichte — Paläogeographie 


Die aufgenommenen Profile, die alie im marinen Bereich lagen, lassen 
‚sich aufgrund ihrer spezieilen Faziesfolgen deutlich regional gruppieren. 
‚ Hinzu kommen paläogeographisch bedingte, stratigraphische Gegebenheiten 
zwischen komplettem Zonennachweis, Reduzierung, Kondensation und 
Omission. Die Kombination dieser Phänomene erlaubt Rückschlüsse auf 
| Sedimentationsabläufe in verschiedenen paläogeographischen Räumen. 

Die nordwestlichen Iberischen Ketten sind in die Zonen der Sierra de la 
| Demanda, der Mazuecos-Castrovido- und Talveila-Hontoria-Gebiete, des 
| Ebrobeckenrandes, der Sierra del Moncayo und der Sierra del Madero zu 
| gliedern. 


4.1 Sierra de la Demanda 


In der Sierra de la Demanda zeichnet sich eine E-W (a) und eine N-S (b) 
Einteilung des Sedimentationsgebietes ab. 

a) Bei Escaray (10) am Demandanordrand und bei Canales II (15) (Abb. 
7) ist das Aalenium nur 40 bzw. 90 cm dick. Das Toarcium endet mit einem 
Hartgrund, über dem die opalinum-Zone fehlt, so daß erst die murchisonae- 
Zone als dünnmächtiger Biomikrit (F 1.1) bzw. Schwammkalk (F 9.2) ausge- 
| bildet ist. Ein zweiter Hartgrund trennt diese in Canales II (15) von Mikriten 
(F 8) und Fe-Aggregatkornkalken (F 7) der concavum-Zone. In Escaray (10) 
lagern über der entsprechenden Diskontinuität Fe-Ooidkalke (F 6) mit 
‚ vermischten Faunen der murchisonae- und concavum-Zone (Ludwigia spp., 
Ludwigia murchisonae (SowERBy) und Graphoceras spp.). Die Aalenium- 
Gesteine sind durch einen dritten Hartgrund von der „sowerbyi“-Zone 
abgegrenzt. 
Die Profile Barbadillo del Pez (16), Quintanar (20), Neila (19), Canales I 
(14) und Anguiano (11) sind mächtiger (Abb. 7). In der opalinum-Zone 
sedimentierten Biomikrite (F 1.1). Am Südrand sind murchisonae- und conca- 
vum-Zone getrennt und als Fe-Ooid- und/oder Fe-Aggregatkornkalke (F 6, 7) 


Abb. 6. Stratigraphische Wertung ausgewählter Profile. Neben Mächtigkeiten (in cm), 
Fazies und der Verbreitung überregionaler Diskontinuitäten ist der Zonennachweis für 
das obere Toarcium, Aalenium und untere Bajocium nach eigenen Funden und nach 
Literaturdaten dargestellt. 

EM Schichtlücke, A Kondensation, ® nachgewiesene Zone. 

Fig. 6. Stratigraphical valuation of some selected sections. Thicknesses (in cm), facies 
and the distribution of regional discontinuities are combined with the zonal succession 
of upper Toarcium, Aalenian and lower Bajocian from own determinations and 


literature. Explanation see above. 
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ausgebildet. Bei Anguiano (11) kommen iiber Gesteinen der murchisonae- 
Zone wieder Ludwigien neben Graphoceraten vor. In den Siidrandprofilen 
endet das Aalenium immer mit einem Hartgrund, der mit Belemniten- 
schlachtfeldern und erodierten Ammoniten verkniipft ist. 

Am West- und Ostrand der Demanda befinden sich die gleichartigen 
Profile St. Inés (18), Brieva (12), Villavelayo (13), Huerta de arriba (17) und 
am Nordrand Pradillo de Belorado (9) (Abb. 7). Nur mehr die concavum- 


Zone besteht aus Fe-Ooid- und/oder Fe-Aggregatkornkalken (F 6, 7): 


Opalinum- und murchisonae-Zone sind von Biomikriten (F 1.1) und seltener 
von eingeschalteten Aggregatkornkalken (F 3) aufgebaut. Das Aalenium 
endet auch hier mit einem erodierten Hartgrund. In Pradillo de Belorado (9) 
finden sich im Fe-Ooidkalk (F 6) Faunen des gesamten höheren Aalenium 
(Costileioceras spp., Brasilia spp., Ludwigia spp. und Graphoceras spp.). 


Escaray Canales II 
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Abb. 7% Profile der Sierra de la Demanda. Legende siehe Abb. 15. 
Fig. 7. Sections of the Sierra de la Demanda. Explanations see Eig@15: 
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b) Die Nord-Süd Gliederung ist eher stratigraphisch orientiert. Der 
Demandanordrand ist durch dünnmächtige Profile, in denen Faunen der 


murchisonae- und concavum-Zone vermengt sind, gekennzeichnet. Der 


Demandasüdrand weist Profile auf, in denen das Aalenium zonenmäßig zu 
trennen ist. 

Das Unterlager des Aalenium bilden im ganzen Demandaraum gleich- 
| förmige Kalk-Mergelwechsellagerungen des Toarcium. Im Kerngebiet (10, 15) 


machten sich die Sedimentationsunruhen am frühesten bemerkbar. Die 


aalensis-Zone, im Norden vielleicht auch die levesguei-Zone, endet mit einem 
Hartgrund, der während einer Nichtsedimentationsperiode vom ?höchsten 
Toarcium bis unteren Aalenium entstand. In den umliegenden Gebieten (9, 
11, 12, 13, 14, 16, 17, 18, 19, 20) ging die subtidale Ablagerung unter 


' deutlicher Abnahme des Mergelanteils weiter. In der murchisonae-Zone 


begann in den inneren Teilen der Demanda (11, 14, 16, 19, 20) unter verrin- 
gerter Sedimentationsrate die Bildung Fe-reicher Gesteine. In den 
Randzonen (9, 12, 13, 17, 18) geschah der Umschwung erst in der concavum- 
Zone. Dieser Wechsel zeigt eine Verflachung des Meeres im Vergleich zu den 


' Kalkmergeln und Biomikriten an. Die Regression erreichte die äußeren 
ı Demandagebiete zuletzt, so daß sich eine Topographie des Meeresbodens 


abzeichnet. Im Kern und am Nordrand befindet sich ein besonders flacher 
Ablagerungsraum, der nach Süden zu tieferen Bereichen abfällt. Die Fe- 


“Oxide, die zur Bildung der Fe-Ooide und Fe-Aggregatkörner herantranspor- 


tiert wurden, stammen vermutlich von einem festländischen Hochgebiet 


| nördlich der Demanda. Es wird als „Rioja-Hoch“ bezeichnet. Der Demanda- 
nordrand ist durch seine Position als siidliches submarines Vorland des Rioja- 
Hoch von Mangelsedimentation und Kondensation besonders betroffen. 


4.2 Mazuecos-Castrovido-Gebiet (Abb. 8) 

Der schmale NW-SE gerichtete, zerteilte Jurastreifen zwischen Mazuecos 
(21) und Moncalvillo (26) ist ein ganz anders gestaltetes Faziesgebiet als sein 
östlicher Nachbar. Fe-Ooid- und Fe-Aggregatkornkalke fehlen. 

Im Toarcium wechsellagern Kalke und Mergel. Im Aalenium nimmt die 
Mergelführung zugunsten von knolligen und dickbankigen Biomikriten (F 
1.1) ab. Peloidkalke (F 2) sind bei Castrovido (25) und Piedrahita de Muno 
(23) selten eingeschaltet. Bei Moncalvillo (26) kommt eine Schicht Aggregat- 
kornkalke (F 3) vor. Auch die Faunenführung ist nicht so reichhaltig wie in 
den anderen Profilen; die Faziesverhältnisse leiten in das Talveila-Hontoria- 
Gebiet über. Das westliche Randprofil Mazuecos (21) wird von Peloidkalken 
(F 2) und sandigen Biomikriten (F 1.3) aufgebaut. Der Sand ist ein Hinweis 
auf eine küstennähere Position dieses Gebietes. Einige Schichtflächen sind 
von zahlreichen Zoophycos-Spuren besetzt, die ein subtidales Ablagerungs- 
milieu anzeigen. Auffällig sind auch die Quarzkiesel in der murchisonae- 
Zone im Profil Castrovido (25), die so den Küsteneinfluß der Meseta 
andeuten. Hier fehlt auch im Gegensatz zu allen Profilen dieser Region der 
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Mazuecos La Acena Quintanilla de Piedrahita Castrovido Moncalvillo 
las Vinas de Muno 


Abb. 8. Profile des Mazuecos-Castrovido-Gebietes. Legende siehe Abb. 15. 
Fig. 8. Sections of the Mazuecos-Castrovido area. Explanations see Fig. 15. 


Nachweis der concavum-Zone. MeEnsINK (1966) fand kein Indexfossil, VALLA- 
pares (1980) geht nicht auf die Zonenfolge ein und Ureta Gr (1983) 
beschreibt nur Ammoniten der opalinum- und murchisonae-Zone. Sie schließt 
erstmals auf eine Schichtlücke der concavum-Zone. Das ist zu bestätigen. 
Auch in allen anderen Profilen endet die Schichtfolge mit einer Diskonti- 
nuität: Während ihrer Entstehung stoppte die Sedimentation; Muscheln, 
Schnecken, Schwämme, inkrustierende und bohrende Organismen besie- 
delten den Boden und aufgearbeitete Klasten aus dem Untergrund. Belem- 
niten wurden in Vertiefungen zusammengeschwemmt. Die Unstetigkeitspe- 
riode dauerte in Küstennähe bei Castrovido (25) die gesamte concavum- 
Zone, während in den anderen Profilen nur die Wende Aalenium/Bajocium 
betroffen ist. Sie entspricht dem abschließenden Sedimentationsstop in der 
Sierra de la Demanda. Zwischen ihr und der Meseta lag im Aalenium ein 
offenmarines Subtidal. 


4.3 Talveila-Hontoria-Gebiet (Abb. 9) 

Das Talveila-Hontoria-Gebiet liegt im Süden des Demanda- und 
Mazuecos-Castrovido-Gebietes. Überwiegend ist eine Teilung der Profile in 
vier aufeinanderfolgende Abschnitte gegeben: 

Die Kalk-Mergelwechsellagerungen des Toarcium gehen in knollige und 
bankige Biomikrite (F 1.1) der opalinum-Zone über. Eine markante 
Schichtstufe darüber bauen die Aggregatkornkalke (F 3) mit Einzelkorallen 
und grobem Schill der murchisonae-Zone auf. Dann folgen extrem faunen- 
arme bis fossilleere Mikrite (F 9) teils mit Mergelzwischenlagen. Ihre Alters- 
stellung ist unklar. Geyer, BEHMEL & HINKELBEIN (1974) bearbeiteten das 
Profil San Leonardo de Yagüe (34) und stellten sie zum Ober-Toarcium. 
Ureta Gi (1983) engte die Entstehungszeit für das Profil Hontoria III (33) 
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‚auf murchisonae- und/oder concavum-Zone ein. Nur der Einzelfund einer 
Brasilia sp. in Hontoria III (33) weist auf murchisonae-Zone für diesen Profil- 
abschnitt hin. Ob die stratigraphische Einstufung - wie dargestellt - 
‚innerhalb der Profile generell gilt, konnte nicht entschieden werden. Die 
‚Dachfläche der Mikrite ist ein Hartgrund. Die concavum-Zone ist ein 
Zeitraum reduzierter und lückenhafter Sedimentation. Teils besiedelten 
|Schwämme den Untergrund, teils bildeten sich Aggregatkorn- (F 3) oder 
Intraklastkalke (F 4), teils wurden keine Sedimente abgelagert. Ein zweiter 
‘Hartgrund trennt diesen Zeitraum von dem der Wende Aalenium/Bajocium 
mit Fe-Ooidkalken (F 6). 

Die Profile La Tejada (27), Cubilla (37) und Las Fraguas (38) nehmen eine 
Sonderstellung ein. Am westlichen Rand entstanden dickere Onkoidkalke (F 
5) mit zahlreichen Einzelkorallen und Korallenkolonien. Den Abschluß 
bilden Intraklastkalke (F 4) mit dicken Fe-Oxidverkrustungen. Die conca- 
| vum-Zone ist mächtiger. Auch in Cubilla (37) besteht sie aus dickeren 
Schwammkalken (F 9), Mikriten (F 8) und Fe-Ooidkalken (F 6). In Las 
Fraguas (38) ist die opalinum-Zone durch Onkoidkalke (F 5) repräsentiert. 
Die Aggregatkornkalke werden durch einen Biomikrit (F 1.1) mit einigen 
‚ Korallen vertreten. Im höchsten Profilteil fehlen die Fe-Ooidgesteine. Die 
Randprofile zeigen Stillwasserbedingungen in flacheren Meeren an. In den 
anderen Profilen zeichnet sich eine allmähliche Verflachung ab, die mit der 
Bildung der Aggregatkornkalke einen ersten Höhepunkt erreichte. Dies 
\ geschah zeitgleich mit dem Einsetzen der Fe-Ooidentstehung in den inneren 
Teilen der Sierra de la Demanda. In der concavum-Zone kam die Sedimen- 
tation fast völlig zum Erliegen. Die Unterbrechungen sind hier schon zu 
| Beginn extremer als in der südlichen Demanda, so daß ein gesonderter 
‚ Einfluß diese Entwicklung bewirkte. Die Meseta könnte über einen östlich 
| vorgreifenden Sporn mit dem Soria-Hoch in Verbindung gestanden haben. 
Eine solche Küstennähe würde die Stillwassersedimentation der Mikrite und 
die unsteten Verhältnisse während der fortschreitenden Regression erklären. 
Der Bildungszeitraum des letzten Hartgrundes und der Fe-Ooidkalke 
entspricht vermutlich der Abschlußdiskontinuität der Sierra de la Demanda. 


4.4 Ebrobeckenrand (Abb. 10) 

Am Ebrobeckenrand herrschte eine mit Nordkantabrien vergleichbare, 
relativ mächtige Biomikritsedimentation (F 1.1, 1.2) mit Filamentkalken. 
Quarzsilt ist ab und zu eingestreut. Peloidkalke (F 2) kommen eingeschaltet 
vor. Dies Gebiet war offen marin, flach subtidal, mit kontinuierlicher 
Sedimentation dem Ebromassiv im Westen vorgelagert. Das Hochgebiet 
machte sich als Sedimentlieferant nicht sehr bemerkbar. Seine genaue 
Küstenlinie ist unbekannt. Bohrungen weisen allerdings auf seine 
Ausdehnung in den Provinzen Navarra, Zaragoza und Huesca hin (BENKE 
1981). Im höheren Jura verlief die Westküste dann bei Arnedo und südlicher 


D. Mertmann 


Las Fraguas 


Cubilla 


Talveila 


Vadillo 


San Leonardo 


Hontoria | 


Mamolar La Gallega Hontoria II Rabanera Hontoria Ill 


La Tejada 


m 


Orde ed 


oo 


900% 


-Gebietes. Legende siehe Abb. 15. 


-Hontoria area. Explanations see Fig. 15. 


Abb. 9. Profile des Talveila-Hontoria 
Fig. 9. Sections of the Talveila 
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im Raum Agreda. Die Zonenfolge am Ebrobeckenrand ist überall komplett. 
_Mensink (1966) zeigte die stratigraphische Trennung fiir Préjano (41) auf. 
Goy & Ureta (1981) und Urera Git (1983) bestätigten die Gliederung dort, 
und fanden sie auch bei Muro de Aguas (42). Im höchsten Teil der aalensis- 
| Zone beschrieben sie jeweils eine Eisenkruste mit aufgearbeiteter Fauna der 
aalensis- und buckmanni-Subzone. Westlich Torrecilla (39) bearbeitete UrETA 
Giz (1983) das Profil Nieva, in dem über Fe-Ooidkalken der murchisonae- 
und untersten concavum-Zone noch Filamentkalke der concavum-Zone 
‚folgen sollen (?Störung). Die gegensätzlichen Faziesgebiete der Sierra de la 
| Demanda und des Ebrobeckenrandes grenzen dort ohne vermittelnde Fazies- 
typen aneinander. Ureta Git (1983) wertete die abrupte Vertiefung des 
Ablagerungsraumes in einer Regressionszeit als Hinweis auf synsedimentäre 


Tektonik. 


Torrecilla Jubera 
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Abb. 10. Profile des Ebrobeckenrandes. Legende siehe Abb. 15. | 
Fig. 10. Sections of the border of the Ebro depression. Explanations see Fig. 15. 


4.5 Sierra del Moncayo (Abb. 11) 

Die Profile Fuentes de Agreda (43) und Olvega (44) liegen östlich der 
Sierra del Madero. Die extrem geringmächtigen Mikrite (F 1.1) und sandigen 
Biomikrite (F 1.3) sind sehr faunenarm bzw. -leer, durchwühlt und pyritreich. 
In Fuentes de Agreda (43) sind in dem Schichtabschnitt, der dem Aalenium 
entspricht, zwei Diskontinuitäten mit Anbohrung, Fe-Oxid-Imprägnierung 
und Fe-Oxid-Krusten ausgebildet. Srurm (1984) fand in Rückstandsanalysen 
in diesem Bereich eine markante Änderung der Tonmineralzusammen- 
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setzung und der Riickstandsmenge. Östlich und nördlich Olvega sind noch 
Fe-Ooidkalke der Wende Aalenium/Bajocium erschlossen. Südöstlich 
enthalten die zuunterst lückenhaften Mikrite (F 1.1) selten miserabel konser- 
vierte Ammoniten der murchisonae-Zone. Die Abfolge ist vermutlich nicht 
komplett. Über dem abschließenden Hartgrund beginnt eine mikritische 
>Stillwasserfazies. Das Ablagerungsmilieu war im Aalenium nicht mehr 
offenmarin, sondern durch mangelnde Durchlüftung und Wasserzirkulation 
bestimmt. Die Sedimentationsrate war niedrig und stoppte zeitweise ganz. 
Das Sedimentationsgebiet vor dem sandliefernden Ebromassiv war ein 
isolierter, subtidaler Meeresbereich, dessen Fortsetzung nach Südosten 
vermutlich in den Profilen Aion und Talamantes zu suchen ist. Zu dem 
nördlich gelegenen Subtidal am Ebrobeckenrand bestand wahrscheinlich 
keine direkte Verbindung. 


4.6 Sierra del Madero (Abb. 11) 

Unter dem Regionsbegriff „Sierra del Madero“ soll ein Gebiet zusammen- 
gefaßt werden, das von Soria im Westen bis Aguilön im Südosten reicht. Es 
beinhaltet sehr verschiedene Profile. 

Das westlichste, Soria (45), ist zwar unten durch eine Störung begrenzt, 
aber trotzdem durch seine geringe Mächtigkeit auffällig. Zweimal sind linsig, 
durch feinst verteilte Fe-Oxide rot verwitternde Echinodermenschillkalke (F 
1.1) eingeschaltet. Etwas Quarzsand ist darin vorhanden. Die seltenen 
Ammoniten und Muscheln sind schlecht erhalten, von Serpeln besetzt und 
angebohrt. Erstere belegen die opalinum- und murchisonae-Zone, jedoch ohne 
eine genauere Gliederung zuzulassen. Diese im Vergleich zu den östlichen 
Nachbarprofilen besondere Entwicklung könnte Auswirkung eines südlich 
vermuteten Hochgebietes, des „Soria-Hoch“, sein (Bohrung Quintana 
Redonda I, SSW Soria, Kreide/Paläozoikum, Kinc 1959 in BEnkE 1981). 

Eine deutliche Reduktion der Mächtigkeit, teils verbunden mit Konden- 
sation, ist für die Profile El Alto de Pajaranco (48), Hinojosa (49), Pinilla (50) 
und Noviercas I, II (51, 52) typisch. Die Schichtdicke übersteigt hier nie 1.20 
m. Bei El Alto de Pajaranco (48) und Pinilla (50) endet die Schichtfolge des 
Toarcium mit einem Hartgrund. Darüber beginnen Fe-Ooidkalke (F 6) bzw. 
Intraklast- (F 4) und Fe-Ooidkalke (F 6). Der Umfang der Kondensation ist 
am El Alto de Pajaranco am größten und schließt Teile der aalensis-Zone, das 
gesamte Aalenium und den Grenzbereich Aalenium/Bajocium ein (Pleydellia 
spp., Leioceras opalinum (REINECKE), Leioceras comptum (BucKMaN), Staufenia 
spp., Ludwigia spp., Ludwigia latecostata (ALTHOFF), Graphoceras spp., Hyper- 
lioceras spp.). In Noviercas I, II (51, 52) ist dieser Abschnitt zweigeteilt. 
Unten sind Formen der aalensis- bis murchisonae-Zone (Dumortieria spp., 
Pleydellia spp., Pleydellia aalensis (Zıeren), Pleydellia subcompta (BRANCO), 
Leioceras opalinum (REINECKE), Leioceras comptum (BUCKMAN), Leioceras crassi- 
castatum RIEBER, Ancolioceras opalinoides (MAYER), Staufenia sinon (BAYLE), 
Ludwigia spp., Ludwigia murchisonae (Sowersy), Ludwigia bradfordensis 
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(Buckman), Ludwigia praecursor (RıEBER)), im Fe-Oolith (F 6) solche der 
\murchisonae- und concavum-Zone vermengt (Ludwigia spp., Ludwigia murchi- 
sonae (SOWERBY), Graphoceras spp., Graphoceras cornu (BucKMAN)). Der Fe- 
Ooidkalk gehört sonst der concavum-Zone, die Biomikrite und Intraklast- 
kalke der opalinum- und murchisonae-Zone an. Nach Pozalmuro (47) und 
Aldealpozo (46) sowie Borobia I, II (53, 54) nimmt die Mächtigkeit auf bis 
Ir 8.50 m zu. Die opalinum-Zone ist als Biomikrit (F 1.1) ausgebildet. Nur 
bei Borobia endet sie mit einem Hartgrund. Die murchisonae-Zone ist in 
| Borobia und Pozalmuro (47) als Peloid- (F 2) oder Intraklastkalk (F 4) und 
| Fe-Ooidkalk (F 6) vorhanden. In Aldealpozo (46) ging die Biomikritsedimen- 
tation (F 1.1) noch weiter und wurde erst später von einer Aggregatkornkalk- 
fazies (F 3) abgelöst. Das Alter der Mikrite bei Pozalmuro (47) ist unsicher. 
|Die concavum-Zone ist stets ein Fe-Ooidkalk (F 6). 

Unstete Sedimentationsbedingungen setzten im Zentralbereich zwischen 
El Alto de Pajaranco (48) bis Noviercas I, II (51, 52) teils schon in der aalen- 
sis-Zone ein und hielten bis in den Grenzbereich Aalenium/Bajocium an. 
Hier ist im Anschluß an die Sierra del Moncayo ein subtidales Sondergebiet 
anzunehmen, wo sich die Ablagerung bei einer Verflachung des Wassers 
‚zuerst änderte. Auffälligerweise befindet sich dieser Raum direkt nord- 
westlich des heutigen Paläozoikumkernes der Sierra de Toranzo. In den 
angrenzenden Meeresbereichen machten sich die regressiven Tendenzen 
später, im höheren Aalenium, bemerkbar. Pozalmuro (47) lag vermutlich in 
einer internen Stillwasserzone, so daß zwischenzeitlich Stillwassersedimente 
zur Ablagerung gelangten. 

Südwestlich schließen sich die Profile Ciria I, II (55, 56), Malanquilla I, II 
(57, 58), Aranda de Moncayo (59) und Bijuesca (60) an. Die opalinum-Zone 
ist noch biomikritisch (F. 1.1) gestaltet. Mit der murchisonae-Zone beginnt 
eine Biomikrit- (F 1.1), Aggregatkorn- (F 3) oder Fe-Onkoidkalkfolge (F 7), 
die von Hartgründen durchzogen ist. Fe-Krusten sind mehrfach vorhanden. 
Der Grenzbereich Toarcium/Aalenium ist zwar schlecht erschlossen, aber es 
ist ersichtlich, daß die Gesamtmächtigkeit geringer ist als bei Borobia I, II 
(53, 54). In Bijuesca (60) sind murchisonae- und concavum-Zone nicht klar 
voneinander zu trennen. Noch die „sowerbyi“-Zone ist weniger als 1.00 m 
dick und von Aufarbeitung betroffen. Quarz ist wenig vorhanden. Gerade 
dieses Profil liegt im Randbereich eines Hochgebietes, der „Ateca-Schwelle“. 
Inwieweit in der Regressionszeit des Aalenium eine Verbindung zum Soria- 
Hoch bestand, konnte nicht geklärt werden. 

Auf der SW-Seite der ,Ateca-Schwelle* beschrieb Moyica (1979) eine 
umfassende Kondensation zwischen Ober-Pliensbachium bis Aalenium oder 
sogar Bajocium. Erst im Übergangsbereich zur Rama Castellana fand er eine 
mächtigere Gesteinsentwicklung. Dort ist das Aalenium mit allen Zonen 
vertreten und im Grenzbereich Aalenium/Bajocium ein dünner Fe-Ooidkalk 


vorhanden. 
Südöstlich befinden sich die Profile La Almunia de Dona Godina (61) 
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Abb. 11. Profile der Sierra del Moncayo und del Madero. Legende siehe Abb. 15. 
Fig. 11. Sections of the Sierra del Moncayo and del Madero. Explanations see Fig. 15. 


und Aguilén (62), beide mit einer eigenen Entstehung. In La Almunia de 
Dofia Godina (61) ist die Folge dünnmächtig, biomikritisch gestaltet. Die 
opalinum-Zone endet mit einem Hartgrund. Gesteine der murchisonae- und 
concavum-Zone überlagern ihn und werden von einem zweiten Hartgrund 
mit Fe-Ausfällungen beschlossen. Geyer, BEHMEL & HINKELBEIN (1974) 
datierten die Biomikrite unter dem oberen Hartgrund als Unterjura, während 
schon GAUTIER & Mourerpe (1964) und Mensınk (1966) hier die opalinum- 
und murchisonae-Zone über der aalensis-Zone nachwiesen. Die „sowerbyi“- 
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iZone soll nach ihnen allerdings dort nicht vertreten sein. Urera Gut (1983) 
ywies hingegen durch Witchellia sp. und Fissilobiceras sp. diese im Hangenden 
des Aalenium nach. Mit seiner Ausbildung ist das Profil mit Fuentes de 
\Agreda (43) und ?Ölvega (44) vergleichbar. 

In Aguılön (62) sind die Schichten des Aalenium Fe-Ooidkalke (F 6), die 
ibis in die „sowerbyi“-Zone hineinreichen. Einige Hartgründe mit Eisen 
durchziehen sie. Gautier & Mourterpe (1964) fanden darunter ein in der 
IMächtigkeit reduziertes Ober-Toarcium mit der aalensis-Zone. GEYER, 
BEHMEL & HINKELBEIN (1974) beschrieben eine Schichtlücke von Teilen des 
|Ober-Toarcium bis einschließlich opalinum-Zone und eine Kondensation 
‘von Faunen der murchisonae-, concavum- und unteren „sowerbyi“-Zone. 
(GAUTIER & MOUTERDE (1964) wiesen auch die opalinum-Zone nach. Es ist 
möglich, daß bei Aguilön (62) aus dem Aalenium trotz extrem langsamer bis 
teilweise aussetzender Sedimentation Gesteine aller Zonen überliefert sind. 
{hre Trennung macht aufgrund der Fossilarmut große Schwierigkeiten. Im 
unmittelbar benachbarten Gebiet Belchite-Almonacid de la Cuba bearbei- 
teten SEQUEIROS et al. (1978) zwei Profile. Die Folge des Aalenium und 
untersten Bajocium ist auf 75 cm reduziert, seine Fauna aufgearbeitet und 
resedimentiert. Paläogeographisch könnte dies Gebiet nordöstlicher Randbe- 
reich eines „Zaragoza-Hochs“ sein. 


4.7 NW- und SE-Spanien 


NW (Asturien, Kantabrien) und SE (SE-Iberische Ketten, Betikum) 
angrenzende Bereiche seien anhand von Literaturdaten und eigenen 
Beobachtungen in 22 Profilen im folgenden kurz charakterisiert: 

a) In Asturien ist das Aalenium nur in Santa Mera (1) und La Griega (2) 
komplett erhalten (SuAREz-VecaA 1974, FERNANDEZ-LOPEz & SUAREZ-VEGA 
1979). Biomikrite, sandige Mikrite, Filament- und Peloidkalke wechsellagern, 
Schwammkalke sind eingeschaltet. Sie alle weisen auf offenmarine Sedimen- 
tationsbedingungen hin. 

Ähnliche Verhältnisse herrschten, teils mit höheren Mächtigkeiten (- 
43 m) in Nordkantabrien bei Tudanca (3), Mataporquera (5) und Reinosa (4). 
Hier befand sich der sogenannte Kantabrische Trog (Daum 1966). Nach 
Südkantabrien stieg der Meeresboden an. In der Region Aguilar del Campdo 
(6), Poza de la Sal (7) und Coculina (8) verursachte die Meeresverflachung im 
Verlauf des Aalenium die Bildung von Aggregatkornkalken mit Onkoiden. 

b) In den SE-Iberischen Ketten ist das Aalenium unterschiedlich 
entwickelt. Schichtlücken und Kondensationen sind häufig. Schon GAUTIER 
& MouTErDE (1964) beschrieben das Fehlen der Stufe E Arifio (66). In der 
Sierra de los Arcos ist bei Moneva (63) das mächtigste Profil entwickelt. 
Canerot (1971) schloß aus der Mächtigkeitsreduktion des Mitteljura von 
Obön (64, 65) nach Süden auf epirogene Bewegungen von Schollen an altan- 
gelegten Störungen. Auf Internschwellen im Maestrazgo-Gebiet wies 
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Canerot (1974) Liickenhaftigkeit nach. In den Katalaniden fanden u. a. 
Butarp (1972) und ANADON et al. (1981) dünnmächtige, kondensierte, Fe- 
reiche Sedimente aus dem Randbereich des Katalanischen Massives. Bet 
Aguatön (69) und Villel (74) ist nur die concavum-Zone mit Intraklast- bzw. 
Peloidkalken erhalten (Arche et al. 1977, Comas-Renciro & Goy 1975, 
Hınkeıseiın 1975). Bei Moscardön (73) ist der Peloidkalk nicht datiert 
(FERNANDEZ-LOpEz 1977). GEYER, BEHMEL & HINKELBEIN (1974) und 
Hınkeigein (1975) definierten u.a. bei Albarracin (70), Royuela (71), 
Calomarde (72) und Riodeva den „Unteren Grenzoolith“ Nach einer 
Sedimentationsunterbrechung von der erbaense-thouarsense-Zone bis zur 
opalinum- oder gar murchisonae-Zone setzte Fe-Ooidkalksedimentation ein, 
die bis in die concavum- oder maximal „sowerbyi“-Zone anhielt. FERNANDEZ- 
Lopez (frdl. mündl. Mitt.) nimmt hingegen an, daß die Folge lokal, z. B.: 
Albarracin, kompletter ist. In der Sierra de Camarena fand Gautier (1968) 
über Vulkaniten einen Kondensationshorizont des höchsten Aalenium und 
untersten Bajocium oder einen des gesamten Aalenium. MELENDEZ-HEVIA & 
RAMIREZ DEL Pozo (1972) vermuteten ein Hochgebiet zwischen der Serrania 
de Cuenca und der Sierra de Albarracin und der Rama Castellana. GAIBAR- 
Puertas (1967) legten die Küstenlinie der Meseta ca. 35 km westlich 
Saelices/Belmonte fest. In der Region Chelva (75, 76) gibt es sowohl 
Biomikrite, Aggregatkorn-, Ooid-, Peloid-, Fe-Ooidkalke, in der Rambla de 
Alcublas und bei Caudiel zusätzlich Vulkanite. Komplette Zonenfolgen des 
Aalenium kommen ebenso vor wie Schichtlücken und Kondensation 
wechselnden Umfangs. Gomez (1979) und FeRNANDEZ-LOpEz (1981) deuten 
die unterschiedliche Ausbildung als Folge eines Bodenreliefs mit subtidalen 
und kontinentalen Bereichen. Im Präbetikum ist die Kalk- und Dolomitfolge 
extrem fossilarm. BEHMEL (1970) und Garcia-HERNANDEZ & LÖPEZ-GARRIDO 
(1981) faßten diesen Bereich als flache, der Meseta vorgelagerte Karbonat- 
plattform auf, die Küstenlinie verlagerte sich im Dogger nach Süden und 
Osten. Eine umfassende Schichtlücke, Domerium bis mindestens Bajocium, 
ist aus dem internen Subbetikum vermeldet (GArcia-HERNANDEZ et al. 1981). 
Im externen Teil ist das Aalenium nur 10-20 cm dick und lokal kondensiert. 
SEYFRIED (1978) untersuchte das Subbetikum. Dort besaß der Meeresboden 
eine „seamount and basin“-Morphologie, die zu extremen Unterschieden in 
der Sedimentation führte. 


Zusammenschau 


Im Unterjura (Abb. 12) überflutete das Meer, von Stufe zu Stufe weiter 
ausgreifend, die Iberische Platte. Nur am Ende der Carniolas-Formation und 
im Ober-Pliensbachium herrschten unterbrechende Regressionszeiten. 

Im Ober-Sinemurium bis Pliensbachium entstanden Kalke und Mergel 
mit sehr unterschiedlichen Mächtigkeiten. Die höchsten finden sich in 
Kantabrien, den SE-Iberischen Ketten und in Teilen des Betikum, niedrigere 
in den NW-Iberischen Ketten. 
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Abb. 12. Zusammenschau der Faziesentwicklung und Paläogeographie in NW-Spanien. 
1) Verbreitung des marinen Jura (schwarz). 2) Lage der vermuteten Hochgebiete und 
submarinen Erhebungen: Me - Meseta, B - Baskisches Massiv, E - Ebro-Massiv, Z - 
Zaragoza-Hoch, K - Katalanisches Massiv, T - Toranzo-Hoch, R - Rioja-Hoch, S - 
Soria-Hoch, A - Ateca-Hoch, L - La Zoma-Ejulve-Hoch, U - Montes-Universales- 
Hoch, Ma - Maestrazgo-Hoch, J - Jucar-Hoch, C - Cerrania-de-Cuenca-Hoch. 3) Fazies- 
verteilung im oberen Toarcium. 4) Faziesverteilung in der aalensis- und opalinum-Zone. 
5) Faziesverteilung in der murchisonae-Zone. 6) Faziesverteilung in der concavum-Zone. 
Legende siehe Abb. 15. 

Fig. 12. Survey of the facies development and the paleogeography of NW-Spain. 
1) Distribution of marine Jurassic rocks (Black). 2) Position of presumed massivs 
and submarine elevations (abbreviations see above). 3) Facies sketch of the upper 
Toarcium. 4) Facies sketch of the aalensis to opalinum zone. 5) Facies sketch of the 
murchisonae zone. 6) Facies sketch of the concavum zone. Explanations see Fig. 15. 
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Im Ober-Pliensbachium zeichnet sich eine Dreiteilung des Ablagerungs- 
raumes in E-W gerichtete Bereiche ab. Im Norden verblieb eine Mergelfazies. 
Ganz im Siiden wurde das betische Gebiet zunehmend in Becken und 
Schwellen zerlegt. Auf den Schwellen bildeten sich in geringer Wassertiefe 
Fe-Krusten (Limonitkruste I, SEyrriep 1978). Ein erneuter, alkali-basaltischer 
Vulkanismus ist Begleiterscheinung der Dehnungstektonik. In den Iberischen 
Ketten sedimentierten Biokalkarenite oder Schalentrümmerkalke. 

Im Toarcium etablierte sich ein tieferes, ausgedehntes Meer. Es ist eine 
Nivellierungsphase, die durch einheitlich mächtige und gleichförmig 
gestaltete Kalk-Mergelfolgen gekennzeichnet ist. 

Im Ober-Toarcium begann eine intensive Differenzierung der Sedimen- 
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tation, die bis zur Wende Aalenium/Bajocium anhielt. Es lassen sich für 
diesen Zeitraum drei Ablagerungsschemata unterscheiden: 
a) Kontinuierliche Sedimentation mit kompletter Zonenfolge und 
höherer Mächtigkeit: 
Asturien, Kantabrien, Ebrobeckenrand, Subbetikum 
b) Allmähliche Sedimentationsveränderung mit reduzierten Mächtig- 
keiten einer oder mehrerer Zonen, Fe-reichen Gesteinen und Hart- 
gründen: 
Mazuecos-Castrovido-Gebiet, Sierra de la Demanda, Talveila-Honto- 
ria-Gebiet, Sierra del Madero, Region Chelva 
c) Abrupte Sedimentationswechsel - Nichtsedimentation mit Reduktion 


3 N. Jb. Geol. u. Paläont. Abh. Bd. 173 
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der Mächtigkeit, Kondensation, Schichtlücken, Fe-reichen Gesteinen, 
Fe-Krusten und Hartgründen: 

Sierra de la Demanda, Sierra del Madero, Sierra de la Creu, Montes 
Universales, Region Chelva, Betikum 

Kontinuierliche Sedimentation zwischen Ober-Toarcium und Bajocıum 
gab es also nur im Norden, am Ebrobeckenrand und in Teilen des Subbe- 
tikum. Es sind stets die tieferen Beckenbereiche mit pelagischer Faunen- 
führung. 

In den Montes Universales, der Chelva-Region und anderen Teilen des. 
Subbetikum setzte der abrupte Wechsel zu Nichtsedimentation am ehesten 
ein. Zeitgleich herrschte in der Sierra Camarena Vulkanismus entlang der 
Störung von Caudiel. 

In Teilen der Sierra de la Demanda und Sierra del Madero sowie der 
Sierra de los Arcos und de la Creu begannen die unsteten Sedimentations- 
verhältnisse erst im höchsten Toarcium und untersten Aalenium. Die 
abrupten Wechsel zu Nichtsedimentation, Kondensation und Reduktion der 
Mächtigkeit über einen längeren Zeitraum geschahen besonders im subti- 
dalen Vorland von Hochgebieten, die für die einsetzenden Fe-Oxid- und 
Sandanlieferung verantwortlich sind. 

In den NW-Iberischen Ketten verblieben nur wenige Bereiche mit offen 
marinen Bedingungen, gleichbleibender Sedimentations- und Subsidenzrate. 
Ansonsten waren wohl beide sehr variabel. In den Profilen mit allmählicher 
Sedimentationsveränderung zu verlangsamter Ablagerung in geringerer 
Mächtigkeit bei zunehmend flacherem Wasser ist der Einfluß einer 
Regression seit dem Toarcıum ablesbar. 

Besonders auffällig sind, vor allem im Betikum, die Zonen, wo unter- 
schiedlich subsidierende Gebiete direkt aneinandergrenzen. Dort sind synse- 
dimentäre Störungsbahnen aktiv und Ursache der paläogeographischen 
Differenzierung. Hinweise auf Tektonik geben dort auch Spaltenbildung, 
Brekzienentstehung und Vulkanismus. 

In den südöstlichen Iberischen Ketten ist die Störungszone von Caudiel 
eine Bewegungsbahn, Faziesgrenze und besetzt mit Vulkaniten. 

In den nordwestlichen Iberischen Ketten ist ein solcher Übergang 
zwischen dem Ebrobeckenrand und der Sierra de la Demanda erschlossen. 
Auch dort sind synsedimentäre Bewegungen an einer Störungszone aufgrund 
der Profilausbildungen von Anguiano - Nieva - Torrecilla zu vermuten. 

Inwieweit auch andere Übergänge zwischen Gebieten verschiedener 
Subsidenz an Störungsbahnen geknüpft sind, konnte noch nicht geklärt 
werden. 

Die Bereiche extrem geringmächtiger und oft auch kondensierter 
Sedimentation liegen öfter in der Umrandung paläozoischer Horststrukturen. 
Noch im Mesozoikum könnte sich ein paläozoisches Relief im Untergrund 
des Ablagerungsraumes durchgepaust und die Sedimentation mitbeeinflußt 


haben. 
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Abb. 13. Gesteinsausbildung des Aalenium in anderen Juravorkommen der Welt. 


Fig. 13. Rock types of the Aalenian in other regions of the world. 
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Die Sedimentationsentwicklung ist also insgesamt durch das Wechselspiel 
verschiedener Faktoren - einer Regression des Meeres - der Gestalt des 
Meeresbodens - der synsedimentären Tektonik - bedingt. 


5. Ausdehnung der Regression und ihre Ursachen 


Wechselhafte Gesteinsfolgen des Aalenium mit Kondensation und 
Omission sind nicht nur auf der Iberischen Halbinsel verbreitet, sondern in 
Europa und darüber hinaus überregional anzutreffen. Arkeıı (1956), 
Haızam (1975) und HöLper (1964) vermittelten eine Übersicht der Fazies- 
verhältnisse. Zahlreiche andere Literaturdaten (in MeRTMANN 1984) führten 
in Verbindung damit zur Gesamtdarstellung in Abb. 13. Auffällig sind die 
europäischen Anrainergebiete der Tethys mit ihrer differenzierten, regres- 
siven Karbonatsedimentation auf Schwellen und im tieferen Subtidal, 
sodann die Hinweise auf die zwei überregionalen Transgressionsphasen, im 
Toarcium und Unter-Bajocium, in Westafrika, Madagaskar, Indien, Pakistan, 
Australien und Neuseeland mit selteneren Berichten von lokal regressiven 
Ereignissen im Aalenium und auch die transgressiven Vorstöße des Meeres in 
der kanadischen Arktis, N- und E-Rußland mit Glendonitvorkommen im 
Anabar-Raum. 

Insgesamt löste das überwiegend regressive Entwicklungsstadium an der 
Lias/Dogger-Wende die Transgressionsphase des Toarcium ab und ging dem 
erneuten Meeresspiegelanstieg im Unter-Bajocium voran. 

Haıram (1978) konstruierte verschiedene eustatische Modelle, um den 
Verlauf der regressiven Zeiten in der Gesamtentwicklung des Jura zu 
beschreiben. Er kombinierte schnelle Meeresspiegelanstiege, langsame 
Regressionen und stagnierende Wassersäulen. Für das Aalenium bevorzugte 
er eine rapide Senkung des Wassers, geringen Anstieg, Stagnation und zum 
Ende einen nochmaligen Abfall. 

Vaır et al. (1977) stellte eine markante Regression zu Beginn des 
Aalenium fest und eine langsame Transgression danach oder einen allmähli- 
cheren Trans- und Regressionsverlauf. In den Zeitabschnitt des Aalenium 
fällt die 173 Millionen Jahre-Diskontinuität. 

Die Regression des Meeres ist in den betrachteten Gebieten der NW- und 
auch der SE-Iberischen Ketten eine allmähliche, langzeitliche Schwankung 
des Meeresspiegels, deren Höhepunkt an der Aalenium/Bajocium-Wende 
erreicht und die von einer schnelleren Transgression abgelöst wurde. Dieser 
Verlauf ist am ehesten mit Harzam-Modell D (1978) zu vergleichen. 

Ein Bezug zur Plattentektonik ist gegenwärtig am ehesten dazu geeignet, 
die vorgefundenen Phänomene zu erklären. Die Verbreitung epikontinen- 
taler Meere bezogen auf die Paläokontinentlagen ist in Abb. 14 für den 
Zeitraum Toarcium bis Bajocium dargestellt. 

Im Jura begann die Aufspaltung der nördlichen und südlichen Konti- 
nente entlang von Riftzonen, die schon in der Trias angelegt waren. Die 
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Abb. 14. Überregionale Meeresspiegelschwankungen zwischen Toarcium und Bajocium 
in epikontinentalen Randmeeren der Tethys, des Pazifik und der Arktis. Kartendar- 
stellung nach SmirH, Hurry & Bripen (1982). 

Fig. 14. Worldwide eustatic sealevel fluctuations between Toarcian and Bajocian in the 
epicontinental margins of the Tethys, the Pacific and the Arctic. Map based on Smirn, 
Hurıey & Bripen (1982). 


Volumenänderung ozeanischer Rücken und Becken, ihre Vergrößerung und 
Verlängerung führten wahrscheinlich zu eustatischen Meeresspiegelschwan- 
kungen. Bewegungen an Riftsystemen können dabei eine Nachorientierung 
regionaler, paläogeographischer Einheiten verursachen. Auffällig ist die 
ungefähre zeitliche Übereinstimmung zwischen Aktivitäten an Riftsystemen, 
Ozeanbodenneubildung und Regressionen im Verlauf des Jura. ZIEGLER 
(1982) definierte an der Wende Aalenium/Bajocium die mittelkimmerische 
Diskontinuität, die in den europäischen Sedimentationsbecken und Schelfge- 
bieten mit unterschiedlicher Subsidenz von Becken und Schwellen verknüpft 
ist. Im Nordseeraum stieg ein Riftdom auf. 

Noch im unteren Mitteljura bestand im Atlantikraum eine epikonti- 
nentale Meeresstraße, die im Aalenium keine Verbindung zum pazifischen 
Raum besaß. Ozeanboden entstand hier vermutlich erst ab Callovium. 
Hingegen schritt die Öffnung der Tethys nach Westen im Verlauf der Trias 
und des Jura immer weiter fort. Im Alpenraum entstand im frühen Dogger 
der penninische Ozean. 

Die Geschehnisse auf der iberischen Platte ereigneten sich in drei, 
ineinanderübergehenden, jeweils SW-NE streichenden Einheiten: dem 
Betikum, den Iberischen Ketten und dem Kantabrisch-Asturischen Trog. 
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Die Plattform der Iberischen Ketten verband im Aalenium das aktive, in 
die Tethys integrierte Riftsystem im Betikum mit einem noch passiven, stetig ' 
absinkenden Becken im Norden Spaniens. Der durch Hochgebiete geglie- 
derte Plattformbereich war im Westen durch die buchtenreiche Mesetaküste 
begrenzt; im Osten reihten sich verschiedene Landareale in NW-SE- 
Richtung auf und trennten die Plattform von der parallel verlaufenden 
Riftzone der Pyrenäen, die von der Tethys nach NW abzweigt. Der SE-Teil 
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Abb. 15. Legende zu den Abbildungen. 
Fig. 15. Explanations to the figures. 
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der Iberischen Ketten wirkte außerdem durch seine stabile Hochlage als 
‚Barriere zwischen Betikum und N-Spanien, die einen offenen Faunenaus- 
\tausch behinderte. 

_ Die Riftperioden des unteren- und mittleren Jura bereiteten die spätere 
‚Drift der Kontinente in ihre heutigen Positionen entscheidend vor. Die 
Regressionsperioden dieser Zeit sind die ersten Anzeichen der kommenden 
| Umgestaltungen. 
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7. Anhang - Verzeichnis der untersuchten Profile 


1-8) Vergleichsprofile aus Asturien und Kantabrien: Santa Mera (1), La Griega (2), | 
Tudanca (3), Reinosa (4), Mataporquera (5), Aguilar del Campöo (6), Poza de la Sal | 
(7), Coculina (8). 


Sierra de la Demanda 

9) Pradillo de Belorado (Provinz Burgos); Blatt Escaray (240): 
Im verlassenen Ort Pradillo de Belorado an der Piste nach Norden. Ca. 500 m 
nördlich der Straße Fresneda de Tirön-Escaray. 

10) Escaray (Provinz Logrono); Blatt Escaray (240): 
Am Weg nach Anguta, ca. 600 m nordöstlich der Abzweigung von der Straße 
Valgafion-Fresneda de Tirön. 

11) Anguiano (Provinz Logrono); Blatt Anguiano (241): 
Im Bachbett und an beiden Ufern des Rio Najerillo unterhalb des alten Dorfes, 
südlich der Brücke, die ins Dorf führt. Assens (1971). 

12) Brieva (Provinz Logrofio); Blatt Lumbreras (279): 
Ca. 2 km südlich Brieva, westlich des Rio Brieva, am Aufstieg zum La Muela, 
1831 m. 


17) 
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Villavelayo (Provinz Logrofio); Blatt Canales de la Sierra (278): 

Ca. 2 km südlich Villavelayo am neuen Camino nach Neila, 500 m nördlich der 
Brücke über den Rio Neila. 

Canales I (Provinz Logrofio); Blatt Canales de la Sierra (278): 

4,5 km westlich Canales de la Sierra und 1.5 km östlich des Abzweigs nach Huerta 
de arriba, nördlicher Anschnitt der Straße Salas de los Infantes-Najera. MENSINK 
(1966), Geyer, BEHMEL & HINKELBEIN (1974), ScHEER (1981), Urera Gn. (1983). 
Canales II (Provinz Logrono); Blatt Canales de la Sierra (278): 

Am Weg von der Hauptstraße Salas de los Infantes-Najera nach Norden zur 
Ermita de la Soledad, 150 m westlich der Höhe 1035 m. Scheer (1981). 
Barbadillo del Pez (Provinz Burgos); Blatt Salas de los Infantes (277): 

800 m südlich Barbadillo del Pez, nördlich des Rio Urria, am Hang zur Höhe 
1095 m. 

Huerta de arriba (Provinz Burgos): Blatt Canales de la Sierra (278): 

Ca. 2.2 km östlich Huerta de arriba, 800 m westlich des Arroyo de la Toba, östlich 
des nach Norden fließenden Baches; 1.5 km nordwestlich des Brinzola. SCHEER 
(1981). 

St. Ines (Provinz Soria); Blatt Villoslada (279): 

Ca. 3 km südlich Montenegro, westlicher Anschnitt der Straße nach Vinuesa. 
Neila (Provinz Burgos); Blatt Canales de la Sierra (278): 

Im Barranco zur Pefia Triguera, 1958 m, ca. 4 km südöstlich Neila, am westlichen 
Bachanschnitt des Rio Frio. Mensınk (1966), Urera Gi (1983). 

Quintanar (Provinz Burgos); Blatt Quintanar (316): 

An der Straße Quintanar-Neila, östlicher Anschnitt bei Straßen-km 8. 


Mazuecos-Castrovido-Gebiet 


21) 


22) 


23) 


24) 


26) 


Mazuecos (Provinz Burgos); Blatt Salas de los Infantes (277): 

Zwischen Mazuecos und Torrelara, 2.2 km westlich Mazuecos, am Hang südlich 
der Straße. Vatrapares (1976, 1980). 

La Acefia (Provinz Burgos); Blatt Salas de los Infantes (277): 

Ca. 300 m nördlich La Acefia, im Tal des Rio Villoruebo. Mensınk (1966). 
Piedrahita de Muno (Provinz Burgos); Blatt Salas de los Infantes (277): 

300 m südlich des Ortes, am westlichen Anschnitt der Straße nach Barbadillo del 
Mercado sowie im trockenen Flußbett im Dorf. WEsTERMANN (1955), BULARD 
(1972). 

Quintanilla de las Vinas (Provinz Burgos); Blatt Salas de los Infantes (277): 
An der Verbindungsstraße Quintanilla de las Vifias - Hauptstraße Burgos-Salas de 
los Infantes, westlicher Talanschnitt, ca. 300 m südlich Quintanilla de las Vinas. 
WESTERMANN (1955). 

Castrovido (Provinz Burgos); Blatt Salas de los Infantes (277): 

Ca. 3.8 km nördlich Salas de los Infantes, im Trockental direkt nördlich des 
Abzweigs zum Monasterio de la Sierra, östlich der Straße Salas de los Infantes- 
Najera. Mensınk (1966), BuLarD (1972), Vatrapares (1976, 1980), Urera Git 
(1983). 

Moncalvillo (Provinz Burgos); Blatt St. Domingo de Silos (315): 

200 m südlich des Ortes an der Westseite des Tales. Varrapares (1976, 1980). 


Talveila-Hontoria-Gebiet 


27) 


La Tejada (Provinz Burgos); Blatt St. Domingo de Silos (315): 
Südöstlich des Ortes La Tejada, am Nordanschnitt des Barranco nördlich der 


Höhe 1175 m. Vatrapares (1976, 1980). 
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28) Mamolar (Provinz Burgos); Blatt St. Domingo de Silos (315): 
Ca. 1 km östlich Mamolar, nördlich des Camino nach Pinilla de los Barruecos. 
) La Gallega (Provinz Burgos); Blatt St. Domingo de Silos (315): | 
Ca. 1 km südlich La Gallega, nördlich des Camino nach Navas del Pinar, östlich 
der Brücke über den Arroyo. i 
30) Hontoria II (Provinz Burgos); Blatt St. Domingo de Silos (277): 
Am nördlichen Anschnitt der Straße Salas de los Infantes-Soria, 25 m östlich des 
_ Abzweigs nach Rabanera del Pinar. Westermann (1955). 
31) Rabanera (Provinz Burgos); Blatt Quintanar de la Sierra (316): 
Östlicher Anschnitt der Bahnlinie Soria-Salas de los Infantes bei Bahn-km 168,35. 
32) Hontoria III (Provinz Burgos); Blatt Quintanar de la Sierra (316): 


2 


\o 


Am westlichen Anschnitt der Straße von Hontoria del Pinar nach Aldea del Pinar, i] 


1.5 km nördlich Hontoria del Pinar. Urera Gm (1983). 

) Hontoria I (Provinz Burgos); Blatt Quintanar de la Sierra (316): 

Am nördlichen Anschnitt der Straße Soria-Salas de los Infantes, bei Straßen-km 
407,25. Mensınk (1966). 

34) San Leonardo de Yagüe (Provinz Soria); Blatt Fuentearmigil (348): i 
Südlicher Ortsausgang, östliche Talseite, nördlich des Arroyo de Valdevalero. | 
WESTERMANN (1955), GEYER, BEHMEL & HINKELBEIN (1974). | 

) Vadillo (Provinz Soria); Blatt Fuentearmigil (348): 

Ca. 700 m Ost-nordöstlich Vadillo, am Camino Forestal nach La Charcona, 150 m 
nordwestlich der Abzweigung. 

) Talveila (Provinz Soria); Blatt Fuentearmigil (348): 

250 m südlich Talveila, am östlichen Weganschnitt des Camino Forestal. 

37) Cubilla (Provinz Soria); Blatt Fuentearmigil (348): 

Ca. 1.3 km nordwestlich Cubilla, nordöstlich des Camino nach Talveila. 

38) Las Fraguas (Provinz Soria); Blatt Cabrejas del Pinar (349): 

Ca. 1.5.km südwestlich Las Fraguas, auf der 2. Bergkuppe südlich der Schafställe. 


3 


w 


3 


nn 
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39) Torrecilla (Provinz Logrofio); Blatt Anguiano (241): 

Östlich des Rio Iregua, am Kanalanschnitt, westlich der neuen Straße Logrofio- 
Soria, ca. 2.5 km südöstlich Torrecilla. Mensınk (1966), Assens (1971a), BuLarp 
(1972), Ureta Git (1983). 

40) Jubera (Provinz Logrofio); Blatt Munilla (242): 

Am nördlichen Flußufer des Rio Jubera, zwischen Jubera und Robres del Castillo, 
ca. 1.2 km südlich Jubera. Butarp (1972). 

41) Prejano (Provinz Logrono); Blatt Munilla (242): 

Ca. 1.5 km südwestlich Prejano, am Camino nach Enciso, am Südost-Hang des 
Penalmonte, ca. 250 m nordwestlich der Brücke über den Rio Ruesca. MENSINK 
(1966), Butarp (1972), Goy & Ureta Gm (1982), Urera Gu (1983). 

42) Muro de Aguas (Provinz Logrofio); Blatt Cervera del Rio Alhama (281): 
Am Berghang westlich der Straße nach Muro de Aguas, ca. 300 m vor dem 
Ortseingang, unterhalb der Burgruine. Burarn (1972), Goy & Ureta Gut (1982), 
Ureta Git (1983). 


Sierra del Moncayo 
43) Fuentes de Agreda (Provinz Soria); Blatt Olvega (351): 
700 m südöstlich des Ortes, nordöstlich des Barranco de la Dehesa, südwestlich 


des Barranco de la Marcuela, oberhalb des kleinen, nach Osten abzweigenden 
Zwischenbarrancos. 


| 


44) 


46) 


54) 


55) 


60) 


61) 
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Olvega (Provinz Soria); Blatt Olvega (351): 


3.5 km südöstlich Olvega und ca. 3.7 km westlich Cueva de Agreda. Mensınk 
(1966). 


Sierra del Madero 
+45) 


Soria (Provinz Soria); Blatt Soria (350): 

1.8 km nördlich Soria, östlich der Straße nach Logrofio, im Barranco parallel zur 
Hauptstraße. Mensınk (1966). 

Aldealpozo (Provinz Soria); Blatt Soria (350): 

Nördlich der Straße von Aldealpozo nach Soria, zwischen Straßen-km 238 und 
237, 200 m westlich der Abzweigung nach Omefiaca. Mensınk (1966), URETA Git 
(1983). 

Pozalmuro (Provinz Soria); Blatt Olvega (351): 

2.3 km östlich Pozalmuro, 500 m nordöstlich der Ermita de San Roque, an der 
östlichen Hangseite gegenüber dem balsa. 

El Alto de Pajaranco (Provinz Soria); Blatt Olvega (351): 

Südlich der Straße Ölvega-Hauptstraße Soria-Agreda, am Camino nach 
Pozalmuro, ca. 1.5 km südwestlich der Abzweigung. 

Hinojosa (Provinz Soria); Blatt Olvega (351): 

5.5 km östlich Hinojosa, südliche Hangseite gegenüber der Tränke im Barranco La 
Carcama. 

Pinilla (Provinz Soria); Blatt Olvega (351): 

Unmittelbar östlich Pinilla, am Camino zur Ermita de la Virgen de los Laines. 


) Noviercas I (Provinz Soria); Blatt Olvega (351): 


Ca. 70 m nördlich der Straße Olvega-Noviercas, 4 km Ost-norddstlich Noviercas. 
Noviercas II (Provinz Soria); Blatt Ölvega (351): 

2 km Nord-nordöstlich Noviercas, östlich des Camino nach Ölvega. 
Borobia I (Provinz Soria); Blatt Borobia (380): 

An der Straße Borobia-Ciria, bei Straßen-km 5,5, gegenüber des kleinen balsa, 
knapp unter der Höhe 1150 m. 

Borobia II (Provinz Soria); Blatt Borobia (380): 

Östlich und westlich der Straße Borobia-Ciria, bei Straßen-km 2,0 und auf der 
nördlichen Talseite, östlich der Straße. 

Ciria I (Provinz Soria); Blatt Borobia (380): 

Im Barranco nördlich Ciria, am Anstieg zur Höhe 1132 m. Mensınk (1966), 
BuLAarn (1972). 

Ciria II (Provinz Soria); Blatt Borobia (380): 

Im Barranco del Cellorio, am Westhang der Pefia Roja, ca. 900 m nördlich der 
Fuente Salobre. 

Malanquilla I (Provinz Soria); Blatt Borobia (380): 

3.8 km nördlich Malanquilla, 100 m südlich der Kreuzung von der Straße Ciria- 
Aranda de Moncayo mit der Straße nach Malanquilla. 

Malanquilla II (Provinz Soria); Blatt Borobia (380): 

Südlich der Straße Ciria-Aranda de Moncayo, östlich der Straße nach Malanquilla, 
am Westhang des nächsten flachen Hügel, nördlich der Ruine. 

Aranda de Moncayo (Provinz Zaragoza); Blatt Illueca (381): 

Ca. 2.5 km nordwestlich Aranda de Moncayo, Südosthang der Höhe 1072 m ım 
Höhenzug des Prado de las Erias, nördlich der Straße Ciria-Aranda de Moncayo. 
Bijuesca (Provinz Soria); Blatt Borobia (380): 

Im Ort Bijuesca am Kirchberg sowie ca. 1 km nordwestlich des Ortes, südwestlich 
des Rio Manubles, am südöstlichen Hang der Höhe 1092 m. Burarn (1972). 
La Almunia de Dofia Godina (Provinz Zaragoza); Blatt La Almunia de Dofia 


Godina (410): 
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An der N II Zaragoza-Madrid, nördlicher Hanganschnitt am Ende des Wasser- | 

kanals, vor der Briicke tiber den Arroyo Ciria. MENSINK (1966), Butarp (1972), 

GEYER, BEHMEL & HINKELBEIN (1974), URETA Git (1983). j 
62) Aguilön (Provinz Zaragoza); Blatt Azuara (439): 

Ca. 1.5 km nördlich Aguilön, im Tal östlich der Straße. Gautier & MOUTERDE 

(1964), Butarp (1972), Geyer, BEHMEL & HINKELBEIN (1974). 


63-76) Vergleichsprofile aus den SE-Iberischen Ketten. Moneva (63), Obon I, II (64, 
65), Arifio (66), Tivisa (67), Vandellos (68), Aguaton (69), Albarracin (70), Royuela | 
(71), Calomarde (72), Moscardén (73), Villel (74), Tuejar (75), Chelva (76) m) 
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Hamann, W. & SCHMINCKE, S. (1986): Depositional environment and systematics of a 
new ophiuroid, Taeniaster ibericus n. sp., from the Middle Ordovician of Spain. - N. Jb. 
Geol. Paläont. Abh., 173: 47-74; Stuttgart. 


Abstract: Taeniaster ibericus n. sp. (Protasteridae) is described from the higher 
‘Llandeilian of Spain. Some characters which are taxonomically important for the 
definition of protasterid genera are discussed and their possible function is explained. 
‚A synoptic view of the genera included in the family is presented. The occurrence of 
six specimens of the new species in a channel represents an example of an isotopic 
allochthonous ophiuroid Lagerstätte. From this the depositional conditions of the 
upper “Tristani-beds” can be inferred. 


Key words: New species (Taeniaster ibericus), Ophiuroidea, Protasteridae, Llandeilian, 
Spain, functional morphology, Obrutionslagerstatte. 


Zusammenfassung: Aus dem höheren Llandeilo Spaniens wird eine neue Ophiuren- 
Art, Taeniaster ibericus n. sp. (Protasteridae) beschrieben. Einige taxonomisch wichtige 
Merkmale zur Definition von Gattungen der Protasteridae werden diskutiert und ihre 
mögliche Funktion wird erörtert. Es wird ein Überblick über die Gattungen der Prota- 
steridae gegeben. Das Vorkommen von sechs Exemplaren der neuen Art in einer Rinne 
stellt ein weiteres Beispiel für eine isotope allochthone Ophiuren-Lagerstätte dar und 
erlaubt Rückschlüsse auf die Ablagerungsbedingungen der obersten “Tristani- 


Schichten”. 


*) Nr. 62 siehe Fürsıch, F. T. & Oscumann, W., N. Jb. Geol. Pal. Abh. 172: 141-161 
(1986). 
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1. Introduction 


Echinoderms, especially cystoids and crinoids, are a frequent and charac- |} 


teristic component of the Spanish Ordovician fauna. Homalozoans, eocri- 


noids and crinoids have been found in the Lower Ordovician sequences of |} 
the Cantabrian and the Westasturian-Iberian Zone (CoLCHEN & UBaGus, | 
1969; Josopart, 1972). The Middle Ordovician “Tristani-beds”, especially in | 


the Alcudian Zone, have also yielded cystoids, crinoids and homalozoans in 


abundance. The fauna is well known and has been described in many publi- | 
cations since VERNEUIL & BARRANDE (1855). A modern review is to be found | 
in the paper by Gutrerrez-Marco et al. (1984). A large number of different fj 
well preserved cystoids and crinoids is known from the Upper Ordovician | 


Cystoid Limestone of Celtiberia (MELENDEZ 1944; 1958; CHAUVvEL et al., 
1975; CuauveL & Le Menn, 1979). 

Asterozoans, however, are excessively rare in the Spanish Ordovician and 
each discovery deserves special attention. In his work on the Celtiberian 
Palaeozoic Lorze (1929: 83) mentions the discovery of a well preserved 


asteroid from the Cystoid Limestone. Unfortunately this specimen has not | 


yet been described in detail, but we are trying to trace its whereabouts. In 


addition there is only one well documented species from the Lower © 


Llanvirnian shales at the localities of Ventas con Pefia Aguilera and Navas 
de Estena in the Montes de Toledo. This ophiuroid was first figured by 
CHAUVEL & MELENDEZ (1978: pl. II, fig. 9) as ? Urosoma sp. and later redesc- 


ribed by SmirH in GUTIERREZ-MaRco et al. (1984) as a new subspecies of 


Palaeura neglecta SCHUCHERT 1915. They also mention remains of Encrinaste- 
ridae gen. et sp. indet. from the Lower Llanvirnian of Navas de Estena. 

The discovery of well preserved, complete ophiuroids on a single bedding 
plane described in the present paper confirms the existence of the subclass in 


the Spanish higher Llandeilo, too. It contributes to an interpretation of the 
palaeoenvironment of the upper “Tristani-beds”. 


2. Geological setting 


The locality is situated 10 m south of the road from Almaden to 
Puertollano at km 28,9 about 2 km southwest of the village of Fontanosas in 
a lefthand curve (Fig. 1). 


The stratigraphic unit which yielded the ophiuroids consists of dark grey 
micaceous silt- and mudstones, which are at least 50 m thick. According to | 
the geological map of Atmeta et al. (1962) it forms the upper part of the | 
“Pizarras satinadas (tramo de Calymene: Llandeilo)” including locality 102 | 


and is overlain by a section of the upper part of the Bancos mixtos with a 
rich Caradocian-Ashgillian bryozoan and brachiopod fauna (locality 105 of 
ALMELA et al.), the Urbana Limestone and the Chavera Formation (compare 
HamMann et al., 1982: chart 1, column 27). 


| 
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Fig. 1. Simplified geological map showing the ophiuroid locality and the fossil localities 
102 and 105 of AımeıaA et al. (1962) and Al V of Hammann (1983). 


LEE 


A comparison with the detailed stratigraphic section described for the 
region of Almadén by Saur&£ (1971) suggests that the section in this area is 
incomplete. In fact it is very likely that the quartzites described by ALMELA 
et al. (1962) as Canteras Quartzites are in reality the basal quartzitic beds of 
the Bancos mixtos. The Canteras Quartzites, which correspond to the Botella 
Quartzite of the Eastern Sierra Morena and the “Argillites intermediaires” 
(Saup£ 1971), which correspond to the Cantera Shales of the Eastern Sierra 
Morena, are suppressed by faults (Fig. 1). 

Although the structural situation of the siltstones yielding the ophiuroids 
is not yet clear, their stratigraphic age is well documented by the following 
fauna found at the locality Al V (Hammann, 1983): 


Placoparia (Coplacoparia) borni HamMmann 1971, 
Neseuretus (Neseuretus) tristani tardus HAMMANN 1983, 
Colpocoryphe rouaulti Henry 1970, 

Salterocoryphe salteri (Rouautt 1851), 
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Prionocheilus mendax (VaNEK 1965), 
Eodalmanitina destombesi destombesi Henry 1966, 
Ectillaenus sp., 
Nobiliasaphus sp., 
Ogygites sp., 
Eorhipidomella musculosa (MELou 1976). 
- The ophiuroid locality, Al Va, which is about 20 m deeper in the section 
yielded 


Eorhipidomella musculosa (Meıou 1976), 

Neseuretus (Neseuretus) tristani tardus HAMMANN 1983, 
Placoparia (Coplacoparia) borni HamMann 1971, 
Ectillaenus sp., 

Panderia beaumonti (Rovavutt 1847). 


This association, especially the species Placoparia borni, Neseuretus tristant 
tardus, Eodalmanitina destombesi destombesi and Eorhipidomella musculosa 
indicates Llandeilian age, possibly Upper Llandeilian. The fauna and the 
lithofacies are very characteristic of the Guindo Shales (=Schistes Botella 
Tamaın, 1972: 141-156) and there is no doubt that the locality is within a 
stratigraphic unit which correlates with the Guindo Shales. 


3. The depositional environment 
3.1 The sediment 


All specimens were found on one slab within a few centimetres from each 
other (Fig. 2). A cross section revealed their exact position to be near the 
bottom of a channel about 5 cm in width. This channel is cut at least 2 cm 
into the sediment. The length of the preserved part is 10 cm. 

In contrast to the channel fill the surrounding sediment is strongly biotur- 
bated. It consists of a mudstone (nomenclature after Batt, 1982) in which 
the burrows are filled with a slightly coarser sediment containing more 
quartz. The clay minerals are not oriented, the quartz particles range between 
20 and 50 pm. . 

The siltstone which makes up the channel fill consists of laminae of finer 
and coarser sediment of up to 2 mm each, which thin out laterally. Quartz of 
the same grain size as stated above outweighs the well oriented clay minerals. 
The petrological components are basically the same, only the smallest 
fraction of clay minerals is missing. 

Channels with a sediment fill are a widespread phenomenon usually 
associated with flat water conditions (REINECK & SINGH, 1975). They range 
from the Cambrian to the recent. Designations differ as widely as their inter- 
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Fig. 2. Reconstruction of the ophiuroid specimens nos 1-6 trapped at the bottom of a 
channel. In the foreground the channel fill is removed and allows a view at the ophiu- 
roids aligned by a current. The cross section in the background shows the channel fill of 


| laminated siltstone and sections through specimen no 6 and a brachiopod on the left. 
The surrounding sediment consists of a bioturbated mudstone. For more details see text. 


pretation: gutter casts, scour and fill structures, grooves, furrows, washouts, 
runnels etc. Possible causes are flat water turbidities, load marks, tsunamis in 
off-shore shallow water, shoreward tidal currents, priels on tidal flats, 
washouts behind obstacles and so forth (AIGNER & FUTTERER, 1978). 

Although it is impossible to discuss the genetic models here in detail, 
some interpretative effort can be made. 

1. The filling of the channel was an isotopic event as the petrological 
composition shows. 

2. The channel was completely submerged at the time the filling 
took place. This may be concluded from the slightly curved strata of the 
channel fill (McKeg, 1957). 

3. There was at least a weak current as is proven by the slight 
thickening of the strata towards the bottom of the channel (McKex, 1957) 
and by the winnowing of the clay. 

4. This current was directed more or less parallel to the channel 
axis as the filling proceeded. According to McKee (1957) the bedding is 
asymmetrical if the current comes at an angle. 
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5. The filling of the channel was a rather fast event. This is 
documented by the lack of bioturbation within the channel. 


3.2 The fauna 


All of the six specimens are preserved as hollow casts. Those which lay on 
the splitting plane of the rock yielded both ventral and dorsal impressions 
(2, 3, and 4 in Fig. 2). The others were prepared with a dissecting needle and 
yielded only one side each. 

Latex casts of the moulds reveal the anatomy of the brittle stars in great [fF 
detail. The dorsal side of the skeletal elements is usually concealed by a skin } 
containing small granules. This skin is missing only in those places where it 


covered organic matter such as muscles or organs of the disc in vivo. @ 


Therefore the dorsal side of the ambulacrals and laterals may best be studied 
within the disc where the skin has decayed completely. Along the arms the 
skin is torn apart only between adjacent ambulacrals of the same column. 
This is due either to the decaying gases from the underlying dorsal arm 
muscles or to the greater tension over the raised edges of the ambulacrals. 
The same mode of skin preservation may be observed in Strataster ohioensis 
(Kestinc & LE VassEuR, 1971: pl. 8, Fig. 2). 

Although the arms are usually not injured (the distal tips are often 
missing, however) there is one exception to this mode of preservation: the 
ossicles of one arm of specimen no 6 are scattered within a very small area. 
According to SCHAFER (1962) the arms of a recent ophiuroid start to 
dissemble 15 hours after the animal’s death. 

The associated fauna at locality Al Va as well as in the whole stratigraphic 
unit is listed on p. 50. The preserved segment of the channel contains the 
ophiuroids and a valve of the brachiopod Eorhipidomella on the same 
bedding plane. Some other single valves have been washed into the channel 
1.5 cm above the ophiuroids and are concentrated with the convex side up 
along the margins of the channel. The shells were obstacles to the current 
and caused vortex formation and irregularities in the structure of the channel 
fill (Fig. 2). In the uppermost layers of the channel a bivalved specimen is 
situated with the concave side up. This indicates a reduced current velocity. 

The bioturbated mudstone into which the channel is cut contains some 
randomly distributed and oriented single and bivalved specimens of Eorhipi- 
domella. A possibly complete specimen of the trilobite Panderia beaumonti is 
preserved immediately next to the channel with its longitudinal axis directed 
obliquely to the channel. This trilobite as well as asaphids, calymenids and 
illaenids found in these beds were supposedly burrowing (BERGSTRÖM, 1973; 
SCHMALFUSS, 1978; HamMMaNNn, 1983; Westorr, 1983). The abundance of 
many well preserved complete specimens indicates an autochthonous 
deposition of these animals. 


The main question concerning the ophiuroids is whether the gutter cast is 
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the site of an autochthonous thanatocoenosis as well or whether the animals 
were washed in and trapped. 

Some sedimentological evidence seems to support the second 
assumption: the arms of specimen no 6, which are cut by the cross section, 
do not rest on the channel floor but are underlain by a thin sediment layer 
of about 2 mm (Fig. 2). Since we have concluded that the filling was a rather 
‚fast event, this would mean that the ophiuroids must have been washed in 
\together with the sediment which buried them and filled the channel. 
All the specimens, however, show evidence of alignment. v. KOnIGswaLD 
‚(1930) and Semacuer (1960) describe six typical positions for asterozoans in 
the Hunsrück Slate which are interpreted by SEILACHER as current indicators. 
| He distinguishes between swaying (“schwoien”) and dragging (“schleifen”) 
( (SEILACHER, 1959). In the first case the body rests on the ground and the arms 
are pulled downstream. This means that the arm tips of a dead brittle star 
may be flapped over the body and point downstream. If the whole animal is 
dragged along by the current then the arm tips may be pushed underneath 
(the dead animal and point upstream as a consequence. As SEILACHER (1960) 
could show for the Hunsriick Slate both forms of current reaction occur in 


‚ asterozoans. 

In our case the current was directed as indicated by the arrow in Fig. 2. 
Arguments in favour of this hypothesis are listed below. 

Specimen no 1 lies on its dorsal side. The arms are more or less 
outstretched perpendicular to the channel. This shows that the animal was 
turned over by the current. The position comes fairly close to a rolling 
position (“Wälzstellung” SEILACHER, 1960). The two arms which are oblique 
| to the longitudinal axis of the channel may indicate a starting reorientation 
by swaying. 

_ Specimen no 2 rests with its disc on one of the arms of no 1. It lies with 
its ventral side down, three arms pointing downstream. We assume this to be 
evidence of swaying as the alleged luff side of the flattened arms is 
somewhat raised while the lee side is very close to the ground. 

| The same phenomenon may be observed in specimens no 3 and 4. The 
former is pushed close to the wall of the channel so that the disc is vertical 
‘to the channel floor. Thus the current was not completely trough-parallel. 
All of its arms as well as three of specimen no 4 point downstream which is 
again interpreted as swaying. 

Specimen no 5 shows evidence of dragging. It rests on its back and is 
pushed obliquely against the channel wall. While most of the arms’ position 
may well be explained by dragging, the tips of the two upstream arms start 
swaying. After the animal had been pushed against the wall the dragging 
stopped and it began to sway. In this specimen current direction may also be 
deduced by the asymmetrical deformation of the disc: as the animal was 
dragged along on its back, the disc was partly injured and pulled along 
behind (Fig. 2). 


54 W. Hammann and S. Schmincke 


3.3 Comparison with other ophiuroid occurrences 


The preservation of complete ophiuroids is rare and occurs only under 
special circumstances (SCHAFER, 1962; CLARKSON, 1979). Starfish beds are 
usually attributed to some catastrophic event. With the possible exception of i 
La Voulte (Diet: & Munpıos, 1972) they may be explained as “Obrutionsla- | 
gerstätten” (SEILACHER, 1970). 


Among these the autochthonous thanatocoenoses seem to be the exceptions: 
Kesung & Le Vasseur (1971) describe a starfish bed from Ohio (Early Mississippian). It 
bears several thousands of individuals of one species of brittle stars in superb preser- 
vation. The lenticular deposit which is embedded in a red silty shale shows a dense bed 
population forming an autochthonous thanatocoenosis. From population dynamics 
the authors estimate a duration of the colony of 30 years. They assume a catastrophic 
end to the community that wiped out the living animals and left only the dead ones 
behind. About half of the individuals were found ventral side up although no sign of 
current was reported in regard to arm positions etc. It remains open to question, 
however, why thousands of brittle stars were preserved in such an excellent way within 
a 1.5 cm layer of sediment over a period of 30 years without being disintegrated. 

Rosenkranz (1971) describes another authochthonous thanatocoenosis from 
Southwest Germany (L. Lias). It includes fixosessile oysters, echinoids, crinoids, 
asteroids and ophiuroids. The echinoderms are embedded in a silty sediment. Death 
came about by smothering due to the blocking of the hydropores, which paralysed the 
water vascular system. While the other echinoderms are mostly embedded in live 
position, 7 out of 15 ophiuroids were found ventral side up. No indication of a current 
is reported. 

Meyer (1984) explored the echinoderm deposit of the Schofgraben, Switzerland 
(L. Malm). The community of asterozoans and decapods is embedded in a calcareous 
sandstone. Preservation is attributed to smothering by storm layers. The asterozoans 
seem not to be current-oriented, half of the brittle stars are preserved ventral side up. 


None of the authors mentioned above gives an explanation of why half 
of the ophiuroids were found lying on their back. While this phenomenon 
may be explained by transport in the examples given below, the problem is 
open to question in cases of in situ burial. Two explanations are conceivable: 
- Resting on their back may be part of their feeding strategy. This does not 
seem very likely as none of the recent ophiuroids investigated so far displays 
this behaviour (Warner, 1982). - Dying and wounded asteroids, e. g. Solaster 
papposus, regularly turn on their back in the death struggle (ScHAFER, 1962). 
Further actuopalaeontological research is required to solve this problem. 

The examples of authochthonous embedding are outnumbered by those 
occurrences which involved short transport. The fine grained sediment which 


seems to be a necessary condition is usually considered to be of isotopic 
origin. 


The black shales of the Hunsriick Slate (W-Germany) yielded a rich fauna of 
echinoderms, arthropods, trace fossils and many other groups. SEILACHER & HEMLEBEN 
(1966) suggest sedimentation in a bathyal depression as a genetic model. Periods of 
euxinic conditions may have killed the bottom fauna which was buried after a short 
transport (SEILACHER, 1960). 
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GOLDRING & STEPHENSON (1972) investigated four British starfish deposits. The 
Starfish Bed of Dorset (M. Lias) consists of a fine sandstone. The brittle stars are 
‚embedded at the sole of the deposit. Missing bioturbation at the bottom and 
increasing “Lebensspuren” towards the top of the unit show that the animals were 
smothered by fast sedimentation. 

| The Girvan Starfish Bed of S. Scotland (Ordovician) consists of a very fine grained 
| graywacke and of a graded and laminated sandstone. The occurrence is “thought to be 
| attributable to turbulence in a shallow marine environment where the bottom fauna 
| and sediment have been disturbed by storm or other cause, shifted, and rapidly redepo- 
| sited nearby in an area of higher fossilization potential” (GoLDRING & STEPHENSON, 
| 1972: 615). 

The same mechanism is assumed for the Upper Devonian Pilton Beds of North 
| Devon. 

The Leintwardine Starfish Bed (U. Silurian) of the Welsh Borderland yielded 
echinoids, phyllocarids, annelids and asterozoans. All of these occur in the fill of 
submarine channels, which may be up to 1 km across. The echinoderms are preserved 
within fine, laminated siltstones with slight bioturbation. The asterozoans are preserved 
ventral or dorsal side up, and sometimes in an oblique position. Therefore they must 
have been deposited contemporaneously with the enveloping sediment. The authors 
conclude that the fauna was “introduced or incorporated and buried within fine 
grained turbidite flows in the channels” (GoLDrING & STEPHENSON, 1972: 621). 

Diet, & Munpros (1972) examined the ophiuroid beds of La Voulte, France (U. 
Dogger). They were deposited in quiet water with a low oxygen content at the bottom. 
The associated fauna mainly consists of active swimmers: fish, crustaceans and dibran- 
chiates. Due to the existence of featherlike spines the authors assume a swimming 
habit for the ophiuroids as well. They consider that occasionally the bottom water was 
stirred up by currents together with the pelitic sediment. The low oxygen content of 
the stirred up water masses might have killed the necton which subsequently sank to 
the bottom. It was oriented by the current and then buried by the fast resettling pelitic 
sediment. 73 out of 144 ophiuroids were found with their ventral side up. 

STRAUCH & Pockranpr (1985) describe the occurrence of 35 brittle stars of one 
species in a fine sandstone of the Eifel, W-Germany, (L-Devon). Again smothering by 
storm-generated sedimentation is thought to be the cause of death and preservation. 


3.4 Conclusions 


From the evidence outlined above the following picture may be drawn: 

During the deposition of the “Tristani-beds” the sea floor was generally a 
calm, at least superficially oxygenated environment in the photic region. 
From time to time these conditions were interrupted by strong bottom 
currents causing erosion and rapid redeposition of the superficial bottom 
sediment with its living and dead epi- and endobenthic content. 

Thus the channel is considered to be a fossil trap with a higher fossili- 
zation potential than the surrounding sea floor. We assume that the event 
which eroded the channel was responsible for the filling as well (immediate 
fill, type “a” of GoLprıng & AIGNER, 1982). 

The occurrence may best be compared to the British starfish beds of 
Girvan and Leintwardine (GoLDRING & STEPHENSON, 1972). Both represent an 
isotopic allochthonous thanatocoenosis. 
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4. Systematic description 
Ophiuroidea Gray 1847 
Order Oegophiuroidea Matsumoto 1915 
Suborder Lysophiurina Grecory 1896 
Family Protasteridae S. A. Mırzer 1889 


4.1 Remarks 


The Protasteridae include a group of Ordovician to Carboniferous 
ophiuroid genera with alternating, in ventral view generally bootshaped 
ambulacrals. Laterals (? always) bear vertical and groove spines. The disc has 
no marginal plates. 

In the Treatise Pt. U3 (1) Spencer & Wricut (1966) accepted Protaster 
Forses 1849, Aulactis Spencer 1930, Bohemura Jarkeı 1903, Drepanaster 
WHIDBORNE 1898, Mastigophiura LEHMANN 1957, Palaeophiura STUERTZ 1890 
and Taeniaster Biuincs 1858 as valid genera of the family and regarded 
Inyoaster PHLEGER 1936 as unrecognizable. Later the Devonian genus 
Strataster Kestinc & Le Vasseur 1971 was added to the protasterids as well. 
Haupe (1982) included the Carboniferous genus Chattaster HaHN & 
BraucKMANN 1981. Horcnkxiss (1970) revised Bırrınss’ type material of 
Taeniaster spinosus, which is the type species of Taeniaster. He demonstrated 
that that syntype which is preserved dorsally is not congeneric with BıLLıngs’ 
two other syntypes. He proposed to group the dorsally preserved syntype 
with the little known genus Protasterina ULRICH 1878, which was considered 
synonymous with Taeniaster by SPENCER & WricHT (1966). With the 
exception of Alepidaster MrEK 1872, which is a synonym of Taeniaster 
(Horcnuxiss, 1970), all other genera included in the synonymy of Taeniaster 
by Spencer & WRIGHT (1966) are open to discussion again. 

In fact recognition of many protasterid genera is still extremely difficult 
as long as the type material remains unrevised. The present authors have 
made the attempt to compile morphological information available from 
figures and casts of the type species (Fig. 3). There is still no agreement, 
however, on the taxonomic value of many characters. Therefore some of the 
characters, such as muscle gaps, spines and shape of the arms, which might 
be of special interest for taxonomy and autecology are discussed in this 
paper. Other characters, such as shape of disc plates and construction of 
mouth frame and madreporite, do not seem to reveal enough information to 
be evaluated yet. 


4.2 Dorsal muscle gaps 


The taxonomic importance of this character, which was used by SPENCER 
& Wricut (1966) to discriminate groups of genera within the protasterids, is 
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ow generally accepted. The horizontal flexibility of the arms of those 
enera with large muscular gaps, i.e. trapezoidal ambulacrals in dorsal view 
s presumably much higher than in those genera with small gaps and 
juadrate ambulacrals. 

The first group includes the genera Drepanaster, Protasterina, Palaeo- 
rhiomyxa STUERTZ 1899, Mastigophiura, Strataster, and possibly Bunden- 
jachia JAEKEL 1903 whose dorsal surface is always covered by a well 
preserved skin. 

_ The relationship between Drepanaster and Protasterina remains unclear. 
Both genera possess extremely broad muscle gaps and triangular ambulacrals. 
But as the generic diagnosis of Drepanaster given by Spencer (1934) is 
mainly based on the Ordovician species Drepanaster grayae SPENCER 1934 
nd not on the quite different Devonian type species Protaster scabrosus 
WHIDBORNE 1896, the genus needs revision. According to Horcuxiss (1970) 
Irepanaster grayae might be a species of Protasterina. 

Another group of protasterids comprising the genera Protaster, Bohemura, 
Taeniaster and Eugasterella SCHUCHERT 1914 (= Eugaster Hatt 1868) is 
‚haracterized by very small muscle gaps and quadrate ambulacrals. 

SPENCER (1934) considered the type species of Eugasterella, Eugaster logani 
Jarı 1868 from the Middle Devonian Hamilton Group as a junior synonym 
of the Middle Silurian Protaster sedgwickii because of its quadrate 
imbulacrals and the absence of spines. Kestine (1969), on the other hand, 
eparated Eugasterella from Protaster mainly for stratigraphical reasons. 
Jowever, his newly defined species Eugasterella thorni from the Middle 
Devonian Arkona Shale seems to differ remarkably from the type species of 
Sugasterella by its dense cover of spines on the disc and laterals. 

The genera Palaeophiura and Chattaster differ markedly from all other 
renera discussed before by their slender rod-like ambulacrals and laterals. 

Aulactis, whose assignment to the ophiuroids altogether was called into 
juestion by Spencer (1934), possesses rather peculiar ambulacrals with a 
lorsal longitudinal furrow not seen in other genera of the family. 


.3 General shape of the arms 


LEHMANN (1957) emphasizes the importance of the shape of the arms in 
is comprehensive work on the asterozoans of the Devonian Hunsrück Slate. 
n contrast to SPENCER & WRIGHT (1966) who did not consider this character 
o be important, LEHMANN distinguishes genera with evenly tapering arms 
rom genera with “peitschenschnurartigen” arms, i.e. whip-like tips. In fact it 
; very typical of the Protasteridae that the ventral ambulacral groove is 
losed somewhere along the arm by the ventrally flexed laterals. The area 
‚here the open ambulacral groove grades into the closed part does not vary 
rithin one species. Therefore it is neither a matter of preservation nor does it 
sem to be controlled by an active closure of the laterals. 
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In Taeniaster spinosus the ambulacral groove is open almost to the very ih 
tip (Horcuxiss, 1970; Fig. 3) and the arm tapers evenly. In most other genera 
of the Protasteridae, however, the closure of the laterals occurs more abruptly 
not far outside the disc thus causing a long whip-like tip. In some genera, jf: 
e. g. Bundenbachia and Chattaster, the whip-like part is extremely flexible. jf) 

This construction may have served for arm looping. In recent ophiuroids | 
arm looping is used for at least two different purposes: many species, e.g. | 
Ophiocomina nigra, coil their arms around small food items which are subse- jf 
quently brought under the disc and swallowed (Fonraing, 1965 and pers. | 
obs.). In other species arm looping is also used to cling to other organisms in |} 
order to extend the fishing free arms across a current (WaRNER, 1982). Thus 
Asteronyx loveni was observed to coil its arms around the stalk of the penna- jy 
tulid Funiculina sp. (MoRTENSEN, 1927: 159, Fig. 90). i: 

A long open ambulacral groove with large podial basins, as it is present in [) 
Taeniaster and in the proximal part of the arms of other protasterids, may @ 
account for a predominant microphagous feeding: in recent microphagous | 
ophiuroids food boluses are passed along the outstretched arm. Large 4 " 
flexible tube feet, which may be assumed for the protasterids because of 2. 
their large podial basins, are a prerequisite for the handling of very small ,§, 
food items in this process (WooDLEy, 1967). It has been observed that more ‚4. 
food is added to the bolus as it travels down the arm towards the mouth J, 
(e. g. Ophiothrix fragilis, pers. obs.). For this feeding method the broad open # 
groove of the protasterids seems to be very suitable. 

Although a definite reconstruction of the feeding strategy of the prota- }: 
sterids cannot be given as yet, the bipartite construction of the arms of many Jf}. 
genera may point to a mixed microphagous-macrophagous diet, while ‚I. 
Taeniaster probably was a microphagous genus. | 


4.4 Grooves spines and vertical spines 


Although the shape, number and place of the spines in Recent and jf 
Mesozoic ophiuroids is considered a very important taxonomic character §) 
(Fett, 1960; Hess, 1962), detailed information is often lacking in the i 
description of protasterids. Only LEHMANN (1957) includes this character in | 
his generic diagnoses. N 

In most well preserved protasterids the laterals are equipped with two |}, 
kinds of spines. The vertical spines (= distal spines Kesuing, 1972; = Vertical- |} 
stacheln LEHMANN, 1957) are lined on articulating tubercles along the distal U 
edge or on a ridge on the outer side of the lateral. They are directed more or § 
less obliquely towards the tip of the arm. In most species the vertical spines h 
are pointed, round, and longer than the groove spines. As the spines of a 
single lateral often point to diverging directions, they were probably very 
movable and acted independently. They are grooved like in Taeniaster, 
Strataster devonicus Kesumg 1972, and Bohemura jahni Jarkeı 1903 or 
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smooth like in Strataster ohioensis Kestinc & Le VassEuR 1971, Bundenbachia 
eneckei STUERTZ 1886 and Mastigophiura grandis LEHMANN 1957. The 
umber and size of vertical spines is stable in the proximal broad part of the 
ırm and might be useful for generic definition but may change in the whip- 
like part. According to Lenmann (1957) Bundenbachia is characterized by 
nly one large vertical spine per lateral. On the small whip-like part, 
however, one can observe three small spines per lateral (pers. obs.). The size 
f the vertical spines diminishes markedly along the arm in all species, e. g. 
trataster ohioensis (KesLinc & LE Vasseur, 1971: pl. 1). 
| According to Warner (1982) large spines in Recent ophiuroids account 
for microphagous feeding. They serve as mucous-covered traps of food 
articles. Small spines, however, seem to be more typical of carnivorous 
Yophiuroids. 
The second type of spines, the groove spines (=ventral spines KesLıng, 
1972; Furchenstacheln LEHmann, 1957) articulate on the ventral edge of the 
ee: According to SPENCER (1934) the groove spines cover and protect the 
open ambulacral groove and they are probably homologous to the ventral 
shields of post-Palaeozoic ophiuroids. In fact they seem to be present in the 
rotasterids only on the laterals that limit the open part of the ambulacral 
groove and they seem to be absent on the whip-like part of the arm. We are 
inot able to give a conclusive functional interpretation, but we think that the 
groove spines, too, may be of taxonomic interest. 
In most protasterids 4 to 6 groove spines are present, having quite 
different shapes in different species and genera: they are smooth and 
flattened and the single spine may vary from long and slender (Bohemura) to 
spoon-shaped (Bundenbachia, Strataster ohioensis) to scapula-shaped 
(Strataster devonicus). If broadened towards the end, the spines imbricate in 
distal direction forming a single unit even after fossilization and transport. 
Therefore it is supposed that all groove spines of a single lateral were 
somehow connected and acted as a single plate. If they had covered the 
ventral groove as supposed by Spencer (1934), they should be found inside 
the groove after fossilization. In most specimens observed by us, however, 
they point outwards (Fig. 7d). This position may be a result of post mortem 
adjustment caused by currents or rigor mortis, but one should also consider 
the possibility that the life posture of the groove spines might have been 
different from that assumed by Spencer. Besides protecting the groove the 
spines may also have contributed to food gathering. 


Taeniaster Biruincs 1858 


Type species: Palaecocoma spinosa Buines 1857. 


Diagnosis: A genus of the Protasteridae with the following characteristics. 
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Disc: possibly with small marginal plates. Disc plates irregular, (?) ankylosed with 
small spines. Madreporite small, with marginal channel. 

Arms: long, evenly tapering. Ambulacral groove open almost to the end. Dorsal 
muscle gaps narrow. Ambulacrals in dorsal aspect subquadrate, ventrally slender boot- 
shaped with straight median suture. Podial basins large. Laterals ear-shaped with articu- 
lating nose close to oral edge. Three vertical spines present on a vertical ridge. About 
six slender, inflated, distally not expanded groove spines present. 


Remarks: Since the revision by Horcuxiss (1970) the genus has been 
strongly restricted and comprises only species with small dorsal muscle gaps. 
As Horcuxiss (1970) points out, the two genera Taeniaster and Protaster 
seem to be very closely related, both having similar muscle gaps. We had the 
opportunity to study the cast of the holotype of Protaster sedgwickii FORBES | 
1849, which was also figured by Spencer (1934: pl. 31, Fig. 1). In fact, the } 
reconstruction given by Spencer (1934: Text-fig. 297-298) is correct and 
reliable. This specimen, which is presumably the only existing one, is from 
Kirkby Moor Flags, Ludlow, Westmorland. It is incomplete and lacks the tips 
of the arms. Therefore the extension of the open ambulacral groove cannot 
be compared. The construction of the arms seems to be similar to Taeniaster. 
In Protaster sedgwickii the ambulacrals, seen from the ventral side, are 
obviously much stouter than those of Taeniaster spinosus, causing podial 
basins which are broader than long. Horcakıss (1970) suggests that a 
possible difference between Protaster and Taeniaster might be a small 
rounded depression present at the ankle of Taeniaster spinosus but absent on 
Protaster sedgwickii. Such a depression can be observed not only in Taeniaster 
spinosus but also in species of other genera such as Eugasterella thorni, 
Strataster ohioensis, and Bundenbachia beneckei and cannot be considered very 
diagnostic. The laterals of Protaster sedgwickii do not show a lateral vertical 
ridge and are devoid of any spines. On the ventral edge of the laterals articu- 
lations for groove spines cannot be seen at all. The absence of any spines is 
very unusual and has already been discussed by Spencer (1934: 461). As they 
are always present in other protasterids it seems likely that they are not 
preserved in the holotype. The specimen is very well preserved, however, as 
may be judged by the undisturbed disc plates but in contrast to many other 
protasterid specimens there is no trace of a skin covering the disc and dorsal 
side of the arms. This shows that decomposition had already started before 
the final embedding and might have removed the spines as well as the skin. 

There is no doubt of the independent status of the species sedgwickii and 
the genus Protaster is possibly justified, too. The usage of the genus, however, 
should be restricted to the type until more complete material from the type 
locality allows a clear diagnosis of the genus. 

The genus Taeniaster is distinguished from other protasterid-genera by its 
evenly tapering arms lacking a long whip-like tip. 
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Protaster ForBes 1849 (P. sedgwickii, Ludlow, GB). - Disc: plates rhomboidal; 
no marginals and spines; madreporite smooth. Arms: tips not preserved in 
type; ambulacrals dorsally quadrate, ventrally stout, boot-shaped; laterals 
ear-shaped; groove and vertical spines not seen. 

Bohemura JarxeL 1903 (B. jahni, U. Ordovician, CSSR). - Disc: plates stellate; 


> 


marginals and spines small; madreporite stellate. Arms: whip-like; 
ambulacrals dorsally quadrate, ventrally stout, boot-shaped; laterals ear- 
shaped; broad with protruding oral edge; (? 6) slender grooved vertical 
spines; (? 6) slender groove spines. 

Bundenbachia STUERTZ 1886 (B. beneckei, L. Devonian, Ger.). - Disc: covered by 
skin; no spines. Arms: whip-like; ambulacrals dorsally (?) trapezoidal, 
ventrally slender, boot-shaped; laterals slender, ear-shaped; 1 smooth 
vertical spine; (? 6) flat pointed groove spines. 

Chattaster HAHN & BRAUCKMANN 1981 (Lapworthura hueffneri SCHÖNDORF 
1915, L. Carboniferous, Ger.). - Disc: plates pitted polygonal; no 
marginals and spines. Arms: slender, whip-like; ambulacrals dorsally 
obliquely trapezoidal, ventrally slender, boot-shaped; laterals rod-shaped; 
2 vertical spines; no groove spines seen. 

Drepanaster WHIDBORNE 1898 (Protaster scabrosus WMHIDBORNE 1896, U. 
Devonian or L. Carboniferous, GB). - Disc: plates polygonal; no 
marginals; small spines. Arms: tapering in type; ambulacrals dorsally 
triangular, ventrally boot-shaped; laterals ear-shaped; (?) 1 vertical spine; 
groove spines not seen. 

Eugasterella SCHUCHERT 1914 (Eugaster logani Hatt 1868, M. Silurian, USA). - 
No modern information available. Compare Spencer (1934: 463), KEsLinG 
(1969). 

Mastigophiura LEHMANN 1957 (M. grandis, L. Devonian, Ger.). - Disc: plates 
rounded; no marginals; long spines; madreporite grooved. Arms: whip- 
like; ambulacrals dorsally trapezoidal, ventrally stout, boot-shaped; laterals 
ear-shaped; 2 smooth vertical spines; (6 ?) groove spines. 

Palaeophiomyxa Stuertz 1899 (Bundenbachia grandis STUERTZ 1886, L. 
Devonian, Ger.). - Disc: covered by skin; no marginals; no spines. Arms: 
evenly tapering; ambulacrals dorsally trapezoidal, ventrally stout, boot- 
shaped; laterals ear-shaped; 1-2 smooth vertical spines; (? 6) groove 
spines. 

Palaeophiura Stuertz 1890 (P. simplex, L. Devonian, Ger.). - Disc: (?) marginal 
plates. Arms: (?) whip-like; ambulacrals dorsally rod-shaped, ventrally very 
slender boots; laterals slender with lateral thorn; no spines seen. 

Protasterina Utricu 1878 (P. fimbriata, Trentonian, USA). - No modern 
information available. Horcuxiss (1970: 63): ambulacrals dorsally 
triangular. 

Strataster Kestinc & Le Vasseur 1971 (S. obioensis, Mississippian, USA). - 
Disc: plates polygonal; no marginals and spines; madreporite with median 
slit. Arms: whip-like; ambulacrals dorsally trapezoidal, ventrally boot- 
shaped; laterals stout, ear-shaped; 2 smooth vertical spines; 5-6 spoon- 
shaped groove spines; dorsally two additional rows of spines. 

Taeniaster Brtuincs 1858 (Palaeocoma spinosa Buuincs 1857, Trentonian to 
Richmondian, USA). - Disc: plates ankylosed, polygonal, small marginals 
(?) and spines; madreporite with marginal channel. Arms: evenly tapering; 
ambulacrals dorsally quadrate, ventrally boot-shaped; laterals ear-shaped; 3 
grooved vertical spines; 3-(? 6) flattened groove spines. 
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Fig. 3. Characteristics of genera included in the Protasteridae based on available infor- 
mation on the type species. 
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Taeniaster ibericus n. sp. 
Figs. 4-10 


Name: From the Iberian Peninsula. 

Holotype: Interior and exterior mould of almost complete specimen, S 587/2, 
Mus. Inst. Geol. Min. Madrid (Figs. 8a, 9b, 9c). 

Type locality: 10 m south of the road from Almadén to Puertollano (Spain) at | 
km 28.9. 

Horizon: Uppermost portion of “Tristani-beds”, possible equivalents of the | 
Guindo Shale; zone with Placoparia borni, higher Llandeilo. 

Paratypes: Five other more or less complete specimens on the same slab; S$ 587/1, | 
5 3871136. | 

Diagnosis: A species of Taeniaster with the following characteristics. 

Disc: Marginal plates not present. Arms: Saddle-shaped dorsal surface of | 
ambulacrals smooth. Boot-shaped ventral part of ambulacral with slender articulating | 
nose; ratio length/width growing in distal direction from 0.8 to 3.6. Subcircular | 
depression at ankle of boot not present. Shaft of boot without radial depression. Three | 
vertical spines, slender, grooved. Six tightly arranged groove spines, not expanded | 
distally. IN 


Description 


Thevdise | 
Since all specimens show evidence of brief transport by currents, most of | 
the discs are asymmetrically deformed. The general shape of the disc is 
round with slightly convex margins. The diameter of the disc is a quarter of | 


Fig. 4. Reconstruction of mouth frame and proximal ambulacrals of Taeniaster ibericus 
n. sp. in dorsal view; X 7. - map = mouth angle plate, amb = ambulacral. 
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ig 5. Reconstruction of Taeniaster ibericus n. sp. in ventral view. - a) Complete view of 
isc and one arm. Disc with irregular disc plates and madreporite. Arms with mouth 
ngle plates, boot-shaped ambulacrals and ear-shaped laterals; the spines are removed. 
Jote the short closed tip of the arm; X 6. - b) Close up of the median region of an arm 
howing ambulacrals with tube foot basins and laterals with six smooth groove spines 
nd three grooved vertical spines; X 20. - dp = disc plate, map = mouth angle plate, mad 
-madreporite, lat = lateral, vs = vertical spines, gs = groove spines, tfb = tube foot basin, 
mb = ambulacral. 


1e total diameter including the arms and it extends distally to the sixth 
iteral of each arm (Fig. 5). 

In most specimens the outer layer of the skin is extensively decomposed 
nd only scales are preserved. Probably caused by postmortal processes, 
comp. p. 52) the scales on the dorsal side generally do not cover the arms 
nd the mouth frame. But in some specimens one can still observe some 
ales remaining in this position suggesting that the entire dorsal surface 
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of the disc was covered. On the ventral side the scales exist only in thei)’ 
interrays, extending between the lateral sides of the laterals and the mouth 
angle plates. During fossilization the dorsal and ventral skin of the disc are!) 
pressed tightly onto each other in the interrays, which makes it difficult to 
distinguish clearly the two layers as the scales are often broken and i ; 
displaced. The scales of both the ventral and dorsal side of the disc are quite 
similar, though the ventral ones are perhaps somewhat larger. They are very | 3 
thin plates slightly convex to the outside, with a polygonal shape having a |} 
diameter of 0.4 to 0.6 mm. Special marginal plates are not present but in‘) 
specimen no 4 some of the marginally situated scales of the dorsal side seem 
to bear small movable median spines (Fig. 9d). We therefore assume with # 
some reservation that disc spines were present. | 

In some specimens patchy remnants of the outer layer of the skin are still [ | 
preserved on the disc. However, the skin is usually present on the dorsal side ®* 
of the free arms. In specimen no 5 a large piece of the outer layer of the skin 4} 
is well preserved and visible in one interray outside the disc marked by its lf 
scales (Fig. 7b). As the skin is overlain, in ventral view, by vertical spines it is ()) 
a part of the dorsal side of the disc. It is supposed that either the skin was } 
stripped off and turned over towards the ventral side or the formerly highly I 
domed dorsal skin was obliquely compressed. The outer layer of the skin is ! 
ornamented with tiny granules of about 0.03 mm in diameter. They are not 4 
very close to each other so that the interspaces exceed their size. | 

The madreporite can be observed in five of the six specimens present. It | 
is located on the ventral side just on the right of the second lateral. The # 
diameter varies between 0.5 and 0.8 mm depending on the size of the Üli 
specimen and it corresponds roughly to the size of the normal disc scales. In # 
contrast to these the ventral surface of the madreporite is strongly convex ® 
and protrudes from the surface of the disc. It is ornamented with a pattern of 
a few marginal sinous furrows and crests (Figs. 7c, 8d). 


4: 
Ei 


The arms | 

General shape. - The long and slender arms consist of four series of | 
ossicles: two rows of alternating ambulacrals and two rows of laterals which 
bear both groove and vertical spines. The number of segments of the most 
complete arm is 29. The total radius (R; disc plus arm) of the largest | 
specimen is > 17.9 mm with a disc radius of > 6.4 mm (Fig. 6). 

Distally the laterals are closed over the open ambulacral groove. The 
whip-like part is short and comprises only about eight segments. 

The tube foot basins are not shared by two arm segments but are formed 
by one ambulacral and its corresponding lateral only. The dorsal side of the | 
arms is covered by a skin containing granules slightly smaller than those of 
the disc (Fig. 8b). 

The ambulacrals. - When viewed from the ventral side the ambulacrals | 
bear the boot-shaped ridge which is characteristic of the protasterids. The |! 
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‘boot” is oriented with its sole towards the arm base and with the toe 
ointing outwards. The shaft runs parallel to the arm axis and distally meets 
che sole of the next boot. 

The outline of this prominent part of the ambulacral changes conside- 
‘ably along the arm. For one thing, the four most proximal ambulacrals are 
ndented along the median line, so that they form a furrow parallel to the 
arm axis. Besides the proportion of ambulacral length (a) and width (b) 
aries from the arm base to the arm tip. The more proximal ambulacrals are 
ather stout with an a/b ratio > 1 (Fig. 6). Distally the ambulacrals diminish 
pradually in size, the toe becomes less prominent and the boot is elongated 
and slender. The a/b ratio is between three and four at the arm tip. At the 
nkle of the ambulacral boot no round depression is visible. 

The radial water vessel was housed in a median channel formed by the 
ambulacrals in such a way that each boot shaft is hollowed out to form a 
aalf channel. Each boot is pierced by a side channel leading to the tube foot 
basin. In the proximal corner of the basin the pore which supplied the tube 
oot is visible. 

The floor of the tube foot basin is divided by a curved suture into two 
Huneven parts. The bigger one belongs to the ambulacral and has a slightly 
raised edge. It remains unclear whether or not this rim was the place of 
insertion for a muscle ring to operate the tube foot as was suggested by 
YSPENCER & WRIGHT (1966: U12) for Paleozoic ophiuroids. 

The dorsal view of the ambulacrals shows a roughly cylindrical shape 
with a smooth saddle-shaped indentation on the abradial and-dorsal surface. 
{The edges facing the neighboring ambulacrals of the same series are slightly 
jraised (Fig. 9 d-f). Due to the well-preserved skin the change of shape along 
ithe arm is not well documented. An exception to this are those segments 
‘which are integrated into the disc. In the first three ambulacrals of each 
Jseries the width across the arm exceeds the length measured parallel to the 
‘arm axis. This is different for the rest of the arm. The gap for muscle 


| # of R(mm) r(mm)  a(mm)* b (mm )* # of 
‘|. specimen segments 


0.4-0.7 0.6-0.3 0.9-2.4 


0.4-0.6 0.4-0.3 0.9-1.9 


0.4-0.7 0.5-0.4 0.8-1.7 


0.4-0.7 0.5-0.2 0.8-3.6 


Fig. 6. Measurements of specimens no 1, 2, 4 and 5.- R= radius of the complete animal 
(disc + arm). r = radius of the disc. a = maximal length of ambulacral in ventral view 
(parallel to arm axis). b = maximal width of ambulacral in ventral view (perpendicular to 
arm axis). (* the first value corresponds to the arm base, the second one to the arm tip). 


5 N. Jb. Geol. u. Paläont. Abh. Bd. 173 
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Fig. 7. Taeniaster ibericus n. sp., higher Llandeilian, Fontanosas, Spain. 7 a) 


of specimen no 5, ventral view. A piece of the dorsal skin is turned ventral 
between the two right arms: X 4, - 7 b) 


Latex mould 


ly and shows 


My, 
Close-up of dorsal skin framed by irregular disc 
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insertion between adjacent ambulacrals of the same series is very small, a V- 
shaped open space exists only between the three most proximal ambulacrals. 

On the proximal and distal articulation surface of each ambulacral a 
orizontal ridge is present, separating the dorsal from the ventral muscle 
Tea. 

The laterals. - Ventral view. Besides forming part of the floor of the tube 
Foot basin, the lateral consists of an ear-shaped prominent part. Proximally it 
tticulates onto the toe of the ambulacral boot. The proximal edge is curved 
r even pointed, depending on the exact bedding position. The foremost 
oint meets the distal edge of the next lateral. The width measured perpendi- 
icular to the arm axis slightly exceeds that of the corresponding ambulacral. 
The raised outer edge of the lateral houses six rimmed pits which bore 
ithe groove spines. The gentle curve of this ear is interrupted in its distal part 
y a lateral projection. This ridge continues vertically up to the dorsal side of 
the animal and bore the vertical spines. 


The laterals are unconspicuous on the dorsal side except for this ridge 
\(Figs. 8b, 9a). This is in part due to the well preserved, concealing skin. 
The spines. - Groove and vertical spines differ in shape and structure. 
"Groove spines which number six on each lateral are shorter than one arm 
segment. They are straight with a smooth tip, their diameter is oval and 
exceeds that of the vertical spines. The latter have a distinct striation parallel 
‚to their longitudinal axis, which makes it difficult to determine their exact 
number, which is three. They are about 1.5 times as long as one arm 
segment. The striation, which gives a clue to the stereom type, is present in 
ithe groove spines as well. But here it is so weak that it shows only in the best 
preserved specimens. Both types of spines have a somewhat thickened base 
(with a concave articulation surface. 


The mouthframe 

The mouthframe is the least well preserved part of the whole material. It 
(consists of ten mouth angle plates which seem to resemble those in modern 
ophiuroids rather closely. A torus was found in one case only with possible 
iremains of two mouth spines and oral papillae (Fig. 8d). 
Ventral view. Two adjacent mouth angle plates of neighbouring arms form 
4a triangle, the so-called mouth-angle. There are two indentations which most 
likely housed the oral tube feet. The more distal (=second) one is set deeply 
into the buccal slit and opens toward the median line of the arm. This is a 


| 
| 
| 
| 


| 
plates (up) and laterals with remnants of vertical spines (right); X 12. - 7 c) Close-up of 
mouth region with madreporite; X 12. - 7d) Close-up of proximal part of left arm 
showing the groove spines; X 12. 7e) Close-up of tip of left arm showing closure of 


ambulacral groove: X 12. 
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Fig. 8a-9b. Taeniaster ibericus n. s 
8a) Latex cast of subface of stratu 
specimen no 1 in Fig. 8a. Dorsal 


P-; higher Llandeilian, Fontanosas, Spain. 
m with specimens nos 1-4; X 3. - 8b) Close-up of 
view of arm with vertical spines. Partly disintegrated 
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position to be found in many modern ophiuroids. The foremost (= first) oral 
jube foot was probably situated on the proximal ventral corner of the mouth 
angle at the ventral tip of the torus. Thus the two proximal tube feet of one 
mouth angle were separated only by a small ridge which marks the suture 
Ipetween adjacent plates. 

The distal side of the mouth angle remains somewhat unclear as it is 
hlways covered by disc scales. 

The dorsal view of the specimens shows that the mouth angle plates are 
broken into a proximal and a distal part. It is assumed that they were firmly 
linked in life with a suture comparable to that in modern ophiuroids. This is 
tonfirmed by the fact that the line of separation is not always the same. The 
mouth angle plates are crossed by a longitudinal depression which probably 
noused the water vessel ring. Distally the mouth angle plates overlap the 
nedian part of the first ambulacrals. Each mouth angle shows an upper distal 
and a lower proximal indentation. In analogy to recent ophiuroids it is 
assumed that the upper one housed the musculus internus radialis while the 
Klower one served as the basin for the second oral tube foot (Fig. 4). 


Comparisons and remarks 

|| According to Horcnxiss (1970) the genus Taeniaster is monotypic and 
Hcomprises only Taeniaster spinosus (BiLiINcs 1857) ranging from the 
rentonian to the Richmondian (mid Caradocian to high Ashgillian). 
tHotcukiss considers as synonyms all other North American species 
described as Taeniaster elegans MıLLer 1882, Taeniaster granuliferous (MEEK 
(1872), Taeniaster schohariae RUEDEMANN 1912 and Taeniaster meafordensis 
IFOERSTE 1914. 

| Taeniaster spinosus is rather similar to Taeniaster ibericus n. sp.. Both 
species are best distinguished by the ventral view of the ambulacrals. The 
Spanish species has more slender boots and especially the toe is much 
inarrower than in the type species. Horcukiss (1970) stresses the existence of 
4a subcircular depression at the ankle of the boot as well as of a radial furrow 
4crossing the leg of the boot which might have contained a radial nerve and 
ithe pseudohaemal canal (Spencer 1925). Both of these structures are not 
present on the ambulacrals of Taeniaster ibericus (Fig. 5). There is only a 
{broad slight depression on the leg of the boot. Spencer (1934: Fig. 320), in 


a ——äae ee EEE 
"skin covering laterals and ambulacrals; X 12. - 8 c) Close-up of left arm of specimen no 4 
iin Fig. 8a. Ventral view with boot-shaped ambulacrals, laterals with grooved vertical 
«spines on a vertical ridge; X 12. - 8 d) Close-up of ventral mouth region of specimen no 2 
(holotype) in Fig. 8a. Upper right mouth angle plates bearing possible remnants of 
mouth spines. Madreporite on the left; X 12. 9 a) Close-up of upper left arm of specimen 
‘no 4 in Fig. 9c. Oblique view of dorsal side. Skin covering ambulacrals and laterals. 
Laterals with vertical spines along a vertical ridge; X 12. - 9 b) Close-up of dorsal mouth 
region of specimen no 2 (holotype) in Fig. 9 c). The corresponding ventral side is seen in 
Fig. 8d; X 12. 
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Fig. 9c-10. Taeniaster ibericus n. sp.; higher Llandeilian, Fontanosas, Spain. 


9 c) Latex cast of bed surface with specimens nos 1-4; X 3. - 9 d) Close-up of proximal 
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is drawing of the lectotype chosen by Horcnxiss (1970), figures the laterals 
with three smooth very slender and long vertical spines and four spoon- 
haped wide-spaced groove spines. In the photographs of Horcnxiss, 
owever, the vertical spines seem to be stouter and rapidly converging to the 
tip, while the vertical spines of the Spanish species are slender and grooved. 
There are six very tightly arranged, distally not expanding groove spines in 
Taentaster ibericus. Hotcuxiss (1970) mentions the possible existence of 
small marginal plates in Taeniaster spinosus, but he admits that this could 
also be the result of the folding of the disc. Taeniaster ibericus also shows 
ancylosed disc plates, which are irregularly broken. Slight thickening of the 
disc margins in some specimens is probably caused by preservation. The 
jmadreporite and the torus and teeth of both species are very similar. 
| Dr. A. Situ kindly drew our attention to specimens from the 
Meadowtown beds, Lower Llandeilo, Shelve District, described by SPENCER 
(1934: 466) as Protaster salteri FORBES in SALTER & SoweERBY 1845, which 
‚probably belong to a third species of Taeniaster. This unnamed species differs 
{from the type species and the Spanish species by the existence of three 
yremarkable granules on the saddle-shaped dorsal part of the ambulacrals and 
by stellate disc scales. 
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CHMIDT-KITTLER, N. (1986): Evaluation of occlusal patterns of hypsodont rodent denti- 
ions by shape parameters. - N. Jb. Geol. Paläont., Abh., 173, 75-98; Stuttgart. 


"Abstract: The two-dimensional occlusal surfaces of hypsodont rodent molars are 
nalysed by digital image processing. A method of measuring shapes using circular arcs 
Ks a framework for comparison is proposed. Using this technique, highly complex and 
-yntogenetically variable (tooth wear) dental patterns can be analysed. Parts of the 
Fhcclusal surfaces such as single enamel loops are characterized by an openness 
barameter and a shape parameter. 


(Key-words: Rodent dentitions, image processing, shape evaluation, taxonomy, 
| piostratigraphy. 


Yusammenfassung: Zweidimensionale Okklusionsmuster hypsodonter Nagetiermo- 
Jaren wurden mittels digitaler Bildverarbeitung analysiert. Ein Verfahren zur 
Auswertung von Formeigenschaften durch den Vergleich mit Kreisbögen wird vorge- 
üchlagen. Mit Hilfe dieser Methode lassen sich auch sehr komplexe und ontogenetisch 
sehr variable (Abkauung) Zahnmuster analysieren. Dies gilt auch für Teile von 


1. Methods 


| The occlusal surfaces of the dentitions of hypsodont (high-crowned) and 
semi-hypsodont herbivorous mammals are approximately planar and 
therefore in principle can be treated by digital image processing. Irrespective 
of this fact and notwithstanding the existence of various newly suggested 
morphometric methods based on digitized data, no attempts have been made 
jto analyse such occlusal surfaces up to now. This in part is due to the diffi- 
culty of isolating the outlines of the occlusal patterns from grey tone images. 
‚Another reason, however, might be found in the particular problems of 
feature extraction due to the frequently observable extreme variation of 


dental patterns with tooth wear. 
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The outlines of the occlusal surfaces in many populations not only 
change markedly in shape with ontogeny but even divide into several 
isolated closed curves (frequently up to three or four, as for instance in 
Theridomyidae, see Fig. 13). The opposite direction of shape variation is ° 
equally common, occlusal surface patterns starting with several isolated 
closed curves which become fused with increased wear (e. g. many Gerbil- 
lidae). 

As shown in a previous article by the author (1984) it is possible to cope 
with these difficulties by using a general shape parameter which has been 
known in geometry for a long time. It characterizes closed curves by 
comparing them with the shape of the circle, providing a means of 
describing certain aspects of patterns. Strictly speaking the parameter 
expresses the relationship between the overall length of the outline of a pat- 
tern and its surface area and therefore whould more appropriately be called a 
density or deformation parameter. In the above mentioned article it was 
demonstrated that the density parameter D is particularly suitable for charac- 
terizing changes in dental occlusal patterns as a function of tooth wear. 

Other approaches of shape description, such’ as BooKsSTEIN’s morpho- 
metric approximation of outlines by conic splines (1978) or the elliptic 
Fourrier description (FERSON, ROHLF & KoEHN, 1985), were up to now only 
applied to much simpler biological patterns, consisting of only one single 
weakly indented outline and displaying only moderate intraspecific 
variation. Basically it would be possible to adapt these methods to patterns 
as complex as dental occlusal surfaces. This, however, would not only need 
quite considerable mathematical and instrumental effort but in many cases 


F 


Fig. 1. The density D of occlusal patterns is defined as the ratio of two areas: the 
numerator is formed by the area of the circle whose perimeter corresponds to the total 
length of the enamel band; the denominator corresponds to the area of the occlusal 
surface of the specimen. 
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ould also be rather cumbersome. For instance, pattern variation due to 
looth wear can easily be quantified by the above mentioned density 
parameter D, whereas to describe it by conic spline or Fourrier approxi- 
ation, multiparametric analyses would be needed. 

It is the aim of the present article to develop a method of shape 
evaluation which is not only applicable to cases of rather radical pattern 
thange but also allows us to describe how the shape interrelationships of the 
sub-elements of patterns change with wear. The method should provide a 
eans of discrimination of taxa but also allow morphological and morpho- 
Functional interpretations. On account of the latter claims, the data obtained 
bhould be directly meaningful in terms of shape and structural properties (e. 
b. densities) of the patterns. 
' As the approach will essentially be based on the density or deformation 
arameter“ D, it may be useful to define it again. If we consider a two-dimen- 
kional closed curve with enclosed area F and length of outline L, the 
arameter D is defined as the quotient of two areas: The numerator of the 
uotient is formed by the area of the circle (Q = L?/4n) whose circumfe- 
Hence equals the measured outline of the pattern. The denominator is formed 
y the measured area (F) of the pattern (Fig. 1). 


L? 
nn (1) 


| In the case of dental patterns, L corresponds to the total length of the 
yenamel band occurring on the occlusal plane, whereas F represents the area 
jof the occlusal surface including all dentine and enamel area but not the 
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| D = 6,25 D= 6,20 D= 6,35 

| | 

| Capromys Issiodoromys Atherurus 
piloridens cf. quercyi africanus 


| 
Fig. 2. Occlusal patterns of first lower molars of three taxomically independent rodent 
species which exhibit the same density values but have very different enamel thickness. 
The density parameter D in this case is of morpho-functional relevance. 
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cementum. The length of the enamel band can either be taken from its 
margin adjacent to the dentine or from the outer margin. In the present 
article the latter measurement is chosen. Frequently parts of the enamel band 
are cut off from the outline and remain as isolated closed enamel rings 
(fossetts). The length of their enamel has to be added to the outline from 
where they derive. 

In the case of a circle, D takes the value 1, whereas with increasing values 
of D the similarity of a particular pattern to the shape of the circle decreases. 
D in a strict sense is essentially a structural parameter since it expresses the 
degree of deformation of pattern, but not its kind. This is illustrated by Fig. 2 
which shows the molar occlusal patterns observed in different rodent taxa 
characterized by approximately the same D-values, but exhibiting rather 
different types of indentation. In this example the information provided by 
the density parameter is mainly of morphofunctional relevance (see as well 
ScHMIDT-KITTLEr 1984, Fig. 16). In taxonomic studies useful diagnostic infor- 
mation can only be obtained if we compare taxa below the generic level, 
since in these cases the schemes of the occlusal patterns are roughly the same 
with the result that species can be distinguished by minor variations 
expressed by means of D. The relevance of the density D to taxonomic 
distinction is demonstrated in Fig. 3. It shows the correlation of the density 
indices of the anterior and posterior loops of the lower Mı in Mimomys 
tornensis and Mimomys pitymyoides from the Upper Villanyan (Pleistocene) 
of Kolinany, CSSR (Fryrar & HorAcex, 1983). As Janossy & VAN DER 
MEuLEN (1975) - the authors of these two species — have already indicated, 
M. pitymyoides is distinguished from M. tornensis by possessing more 
confluent triangles T 2 and T 3 in the posterior loop of the M.. This diffe- 
rence is quantitatively expressed in the diagram by the largely separated 
point distributions of the two species. In early wear stages of the teeth 
(specimens figured at the top) the difference is very clear, whereas in later 
wear stages (specimens figured at base) the effect caused by the more 
confluent triangles T 2 and T 3 in M. pitymyoides (diminution of Dy-values) 
is in part obscured by the rounder shape of the triangles in M. tornensis 
(causing as well a diminution of the Dy-values). 

In the above example, in order to detect specific differences, only parts of 
the molar occlusal surfaces were considered instead of the whole patterns. 
But even in this case quantifiable effects appearing in one part of the pattern 
are partially obscured by other effects due to features present in other parts 
of the pattern. It is evident that these difficulties can only be resolved in as 
much as we can evaluate details of patterns separately. Among the structural 
features relevant to detailed analysis of patterns such as orientation of lines, 
surface ratios, length ratios or the shapes of single curved loops, the last are 
of particular importance since any pattern is composed of loops, that is lobes 
separated by indentations. These kinds of structural elements will therefore 
be in the foreground of the following considerations. 
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AFig. 3. Mimomys pitymyoides and Mimomys tornensis from the Upper Villanyian of 
AKolitany (CSSR). The two species can be distinguished by the different densities of the 
posterior loops (II) of their first lower molars. The anterior and posterior loops are 
‘treated as entire patterns. 
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2. Application of the density parameter D to loops as 
elements of entire patterns 


Up to now only complete patterns were considered. In the example given 
in Fig. 3 the anterior and posterior halves of the occlusal surface of the M, 
of Mimomys were treated as though they formed whole patterns. This was 
possible because the missing perimeter of each portion comprises only a very 
small part of the entire perimeter and therefore only causes a negligible error. Ie 
However, in cases where we consider smaller parts of a pattern or even single | 
loops (that is indentations or lobes) the missing part of the perimeter | 
becomes significant and we can no longer compare them with the whole 
circle. This means that the “openness” of a loop or part of a pattern has to be 
taken into account with the result that the “unit of measure” in determining 
the degree of deformation of a particular loop cannot be the circle but only | 
that part of it which exhibits the same openness. 


2.1 Openness 


To simplify matters in the following considerations only single curved 
loops are discussed, though the methods developed apply equally to more 
complicated ones. We further tacitly suppose that there are only two points 
where the considered curves or loops intersect the bounding straight line, 
since any other case can in principle be reduced to the kind of problem we 
will discuss in the following example. 

The openness of a loop or curve in a plane can be defined in respect of 
any straight line intersecting it in terms of the length S of the straight line 
between the intersecting points C and E (Fig. 4) and the length of the curve 
B delimited by the intersecting points. The openness criterion of a particular 
curve segment (or loop) for our purposes may then most adequately be 
expressed as 


(2) 


In the case where the curve segment under consideration is closed, S is 0 
an w equals 1. If the curve turns to be a straight line, $ becomes equal to B 
and w has the value 2. This means w lies within the interval 1 S w S 2. 
Depending on the size of S in respect of the curve segment, more open (or 
shallow) and more closed (or deep) loops can be distinguished in a relative 
sense. w may be called the openness parameter. In a strict sense it is not a 
shape parameter but a structural parameter because any value of B - and 
with it any value of w - corresponds to an infinite quantity of different 
curve segments exhibiting different shapes (Fig. 4). 

The central angle @ of the segment of a circle which corresponds to a 
given B/S relation (or openness w) depends exclusively on B and S. If we 
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Lipase the unit circle (R=1) we obtain S=2sin 5 andB=9=2n9/360° 
D that the central angle p is determined according to the equation 
Bugs qT 
3 (360% sin 2 

22 


(3) 


As this term is not soluble, the relation between the central angie @ and 
he ratio B/S has to be represented by a value table. 


dg= 1,45 
dmin = 0,67 


dp: 0,81 B 
——B 

| Ce Stel 6 
Biny so eToolh a0 
B2 S 360° sin 9 
dp =, 2 

41: F 
den: 2 


min = 


2N(P$-sinp) 


Fig. 4. The openness of a loop is defined as the ratio of its circumference (B) and the 
chord (S) which connects its terminal points. The openness can also be expressed in 
-erms of the central angle p. The densities (dB) of loops possessing a given B/S ratio 
-an be compared with the density of the segment of a circle (dmin) which exhibits 


-orresponding @. 


2.2 Roundness versus tightness 


Different curve segments which correspond to a given value of p are not 
equivalent in respect of other properties. They are for instance distinguished 
by the area enclosed by the loops and the intersecting lines S (the chord) 
defining their terminal points. If we proceed by analogy with the density 
definition for closed curves (complete patterns, see the author’s paper of 
1984), we can characterize any curve segment of given length B, delimited 
by given chord S and enclosing area F by the density 

2 
3 (4) 


Ae 
4 4a F 
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Though formula 4) is identical to equation 1), D is replaced here by d || 
(the “segment density”) in order to express that in this case the density does jf 
not refer to an entire pattern, that is a closed curve, but only to a part of it, 
that is an open curve. This is also necessary because d is not entirely 
equivalent to D (for instance, its minimum value is attained at d=D/2, that 
1s 0,5): 

If B and S each remain invariant in lenght, the minimum value of dg (= 
dmin) is reached when the curve segment corresponds to the segment of a 
circle. That is, for any given relation of B and S, one and only one corre- 
sponding segment of a circle exists. 

As the minimum density of a segment of a circle is expressed by the || 
equation 

(My 
Amin = = (5) 
2 x (@- sin @) 


the density dg of any considered curve segment (with given S and B) can be 
compared with the minimal density dmin which corresponds to the same B/S 
relation. 

It would seem that this ratio could be used as a way of describing the 
shape of loops. However, using the segment of a circle as a basis of compa- 
rison entails some disadvantages which in cases can lead to ambiguities. 

As shown in Fig. 5 the density of a segment of a circle dmin is a function | 
of the central angle @. In the case of the full circle (p= 360°, w= 1) dmin 
takes on the value 1, but it decreases with diminishing @ to reach its 
minimum value d = 0,5 at » = 180° and w = 1,636 (the half-circle). With | 
further decreasing , dmin increases again to reach once more the value 1 at 
= 57,3°. This is to say that within the intervall 360° > @ = 57,3° any value 
of dmin corresponds to two different values of @. Besides this, the shape 
criterion expressed by the ratio dß/dmin is not exactly comparable to the 
density of closed curves (or entire patterns). 

This disadvantages mentioned above can be avoided if, instead of 
segments, we choose sectors of a circle as a basis of shape comparison. In our 
example the difference between the area of the sector and the area of the 
segment of the circle (Fs), can be expressed by the formula (with R=1) 


® 
Fe = cg 2 6 
4 2 (6) 


which, depending on the central angle p (smaller or larger than 180°), takes 
on positive or negative values, which means that it has to be added or 
subtracted from the segment area. In the same way the measured area (Fp) 
of any particular loop (that is the area enclosed by the curve and the chord, 


which is normally measured by image processing systems, see Fig. 4) has to 
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i enlarged or reduced according to its central angle . Thus we obtain the 
justed “sector density” of a loop (8) defined as 
2 


Si 7 
ann + es?) m 


ten 


In order to avoid confusions the sector density is represented by the 
ils charakter 6. The different meaning of d and 6 is demonstrated in figs. 
and 6. 
| The minimum density Smin of the sector of a circle possessing the same 

is determined by the simple formula 


i . — SE 
dmin i 360° 


(8) 
This means that 6min is an unequivocal linear function of the central 
ingle . In fig. 6 this function is represented by the straight line which is 
defined by the pairs of coordinates p = 360°, 6 = 1 and » = 0°, 6 = 0. 


r0,5 


ig. 5. The density of the segment of a circle as defined by equation 4 is a non-linear 
‘unction of the central angle p (or w respectively). 
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The degree of similarity of a particular loop to the sector of a circle i} 


possessing the same central angle can now be expressed as the ratio |) 


Omin 


According to this quotient, x is introduced as tightness parameter (t = | 
Greec character tau) which increases in value with increasing degree of defor- | 
mation, that is to say, with decreasing similarity of loop to the shape of a 


circular arc. The reciprocal of the tightness parameter e =+ can be used to 
express the roundness of a loop. Depending upon the particular problem to | 
be treated, either t or e may be chosen as parameter. iii 

The fact that ömin is a linear function of the central angle p has as its W 
corollary the fact, that the Scvalues of the loops possessing a particular 
tightness (t = x) are also a function of @, expressed by the straight line with }} 
coordinates’ 9 = 360°, 8 = x and a = NEST: 

The meaning of this becomes clearer if we keep in mind that the density | 
or deformation value D of a particular closed curve is determined by its | 


. . | 
Fig. 6. The density of the sector of a circle as defined by equation 7 is a linear function +f 
of the central angle @ (or w respectively). See also Fig. 7. For this reason the openness 4 
can be expressed in terms of ömin- 
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rplus length” in respect of the circumference of the circle which possesses 
ge same area. If we imagine the surplus length to be uniformly arranged 
ver the perimeter of the circle to form a regular undulation it becomes clear 
at the density value D decreases linearly with decreasing g. The same fact 

n be shown in another way if we consider that the density D = L2/4n F 
| well can be represented as the ratio of two radii. 


m Br -- 


Das (10) 


there R is the radius of the circle which corresponds to the measured 
erimeter of a pattern and r is the radius of that circle which corresponds to 
le measured surface area of the pattern. The density öc of a particular loop 
. expressed by formula 7) can then be written as 


R2 
2 360° 


dC (11) 


| The unequivocal and linear correlation between Smin and the central 
gle p has the particular advantage that the openness of loops can be 
kpressed in terms of the minimal density of the corresponding sector of the 
ircle (see Fig. 6). This means that the openness can be described in terms of 
ensities, and in this way, can be plotted on triangular charts if other 
ensities expressing shapes (Fig. 16) are considered. 


[6 d 
= 
FR: 0 
G S E 


Fe sof cass 


ig. 7. In order to make a loop (example a) comparable to the sector of a circle, its area 
5 has to be enlarged or diminished by the area Fs. The latter is positive in cases where 
‘is smaller than 180° and negative in cases where is larger than 180°. The resulting 
tea FC is relevant to the density calculation (equation 7) as seen in the loops band c. 
1 loop d the area FC equals zero; this means it is not solvable by equation 7. 
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It is a peculiarity of the method of shape evaluation presented above that |} 
there is a special category of loops which cannot be compared with sectors of 
a circle. These are very narrow or tight loops which correspond to central 
angles between 180° and 360° and whose terminal points are very distant! i 
from each other so that the measured area (Fg) inclosed by the loop and the # 
delimiting chord (S) is minor compared to the value Fs which according to 


would be negative (Fig. 7). 
This kind of loops, in terms of closed curves, correspond to cases where a 
part of the perimeter “overruns” the apposite one so that they intersect and | 


| 
| 
| 


iil 


we consequently have to admit negative areas. In principle it would also be # 
possible to treat these cases consistantly but we reject them because they do i 
not yield any biological sense. Besides this, there is no need for it because 
the described bias can be overcome by a methodical artifice: 

Densities of different patterns normally cannot be added directly. In } 
special cases where patterns possess the same perimeter L, their densities are 
related to each other according to the reciprocals of their areas. 

Let 


Ken Bee el, (12) # 


be the areas of a certain number of patterns in which L is constant. Then 4 
their densities are determined as 


ee a po SS SS (13) 


In case not only the perimeters (L) but also the surfaces (F) are equal we» 
obtain 


Medd. — De (14) 


(where x=1,2, .... n). That means the densities of the patterns can be 
multiplied. Reversing this procedure, we can divide a pattern into equal 
elements possessing equal densities if we diminish its area and perimeter by 
an integral divisor (2, 3, ... n). 

Hence, we can escape the methodical bias if we substitute a particular 
untreatable loop (of the category above described) characterized by the 
measured quantities Fp, B and S by another loop possessing for example the 
values Fp/2, B/2, S/2 and the half density 80/2, but the same openness. 

Since the density is a size-independent parameter, only the relations of | 
the measures Fp, B and S to each other are relevant. Hence the bisection of 
these three quantities is equivalent to a relative doubling of Fp in respect of 
B and S. At the same time the critical quantity Fs = s’ ctg 5 relative . 
to Fg becomes diminished by half. In most cases the divisor 2 is sufficient 4 
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) substitute insoluble loops by soluble ones, otherwise a larger integral 
Jivisor (3, 4 ...) should be chosen. 

At first glance this procedure may seem to alter the primary data in an 
inadmissible way. This, however, is not the case, on condition that we treat 
ll data forming the basis of a particular investigation in the same manner. 
_ This means that in a given case we not only have to substitute the 
i soluble loops according to the described procedure but all of the loops 
Hhelevant to the considered problem, irrespective of whether they are soluble 
pr not. When presenting processed data in Cartesian diagrams the only 
}eonsequence which should be stated is that a shortening of the X- or Y-axis 
by the applied divisor has occured. For the representation of densities in 
jriangualar charts the described procedure has no effect since the density 
ralues enter the diagram according to their percentages. 


2.3 Shape comparison based on percentages of areas 


Although the described method using sectors of the circle can be adapted 
to all kinds of loops (admitted according to the criteria which have been 


lHical arifices. This becomes possible if, instead of representing the degree of 
deformation of loops by density values, we express it in terms of areas. Let 
us for this purpose return to Fig. 5 where the minimum density of the 
‚segment of the circle dmin is plotted against the openness w or central angle 
p respectively. We recognized that the segment of the circle was the parti- 
Izular loop among all those possessing the same central angle p = x, which 
"exhibit the largest area and therefore was characterized by the minimum 
noo dmin which corresponds to that ». Hence the maximum area PK 


| 


Fig. 8. The degree of deformation (Q) of a loop is defined as the area difference (FQ) 
compared with the segment of a circle possessing equal perimeter (B) and corre- 


sponding central angle 9. 
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corresponding to a particular central angle in the case where R= 1 (the 
unit circle) 


il np ; 
ites 6: enti °) oe 


can be given the value 100 compared to all other loops which correspond | 
to the same central angle (Fig. 8). | 
With progressive deformation the area of the loop diminishes to zero | 
(which corresponds to the density D = ®). In the latter case we can say that N 
the degree of deformation reaches 100%. 
If instead of the measured surface area Fp of the loop we consider | 


oy Zi ie, = Fp, (16) | 
Fo = 0, corresponds to the deformation Q = 0, while Fa = Fk = 100 \ 


corresponds to the deformation Q.= 100%. More generally with Fg known 
from digital measuring and Fx determined by | 


1 (@ 180 | 
Fk = I - sın ) (1 
180° 


(or instead Fx = 
Aare dente 
if dmin is already known). 
Q can be expressed as 
(Fx - Fp) 100 
Q : (18) 
FR 


The deformation index Q provides a means of expressing the shape of 
loops and has the added advantage of being defined for all kinds of loops 
characterized at the beginning of the section 2.1. Its meaning can most easily 
be explained by considering its connection to the tightness parameter r. 

Mathematically both are linked to each other according to equations 7) 8) 
and 9) from which we obtain 

Fsec 


(leah sees 19 
Feec = FQ. ( ) 


where Fsec can be directly calculated from B and @ as 


Be é se 9 | 
a np 7 360° ee | 
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Using formula 19) it is possible to illustrate the interrelationship of Q and 
| diagramatically. As shown in examples of different arbitrarily chosen 
alues of @ (Fig. 9), the function between Q and x changes with the size of 
ae central angle (i. e. the openness of the loops). It particularly demonstrates 
mat only in cases where loops have central angles below the value of (Wives 
80°, does the deformation index Q= 100% correspond to finite values of r. 


270° 
210° 


Fig. 9. The diagram displays the relationships between the tightness parameter t and 
the deformation index Q as independent means of representing the shape of open 
curves (loops). The dotted vertical lines drawn for the examples of two different 
indicate the degree of deformation beyond which the loops can no longer be repre- 
sented by t values. It illustrates the restricted applicability of the method using the 


tightness parameter r. 
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The dotted vertical lines drawn for different @ indicate the critical degree of | 
deformation beyond which the loops can no longer be represented by t } 
values. Hence, it illustrates the restricted applicability of the “sector method” || 
in regard to extremely narrow or tight loops as already discussed above. i! 

Differences between the representation of shape based on the tightness |} 
parameter t, and the deformation index Q, are caused by the somewhat 4 
different definitions of the deformation of a circle or arc of a circle 3) 
depending on these two methods. Fig. 9 illustrates the fact that the 
maximum possible dissimilarity of an open curve in comparison with an arc 
of a circle decreases with decreasing central angle so that the tightness © 
parameter t takes on the value 1 when @ becomes zero. The deformation 
index Q does not express this fact because it depends exclusively on the 
difference in area between a particular open curve under consideration and 
the segment of a circle possessing the same perimeter and the same central 
angle @ regardless of the particular value of p. This means that the “sector | 
method” using the tightness parameter t is geometrically more consistent — 
than the approach based on the deformation index Q. 


3. Applications 


As shown in the previous sections, loops as elements of patterns can be 
characterized by their openness ( w or @ resepctively) and tightness (rt) or 
degree of deformation (Q) which express significant aspects of their shapes. 
The tightness parameter and the degree of deformation provide just the same 
kind of information in two different ways. They result from quite different 
approaches which can be seen from the fact that they are connected to each 
other according to nonlinear functions which depend on @ (or w respec- 
tively) and that in cases of g > 180° not the whole set of Q values can be 
mapped upon t values (Fig. 9). This is another expression of the already 
stated limited applicability of the “sector method” using t as shape 
parameter. However, as shown in section 2.2 this restriction can be elimi- 


nated. The tightness parameter t (or roundness parameter + = e respectively) 
T 


has the advantage to be independent from the size of the patterns. On the 
contrary the deformation index in its application does not meet any restric- 
tions but entails the disadvantage to be size independent only when 
expressed in terms of percentages, or in case of triangular charts after norma- 
lization. Depending on the particular problem considered single loops as 
elements of patterns can also be characterized by their sector densities (8) 
directly (defined by equation 7)) comprising openness and tightness as 
components. The quite different mode of shape representation according to 
the alternative parameter t or Q very clearly demonstrates the effect of 
distortion due to the different methodological approaches. This has to be 
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aken into account when shape properties have to be quantified following 
tither of the two procedures. 

In the examples of Figs. 10 to 12 elements of the occlusal patterns of 
hree Clethrionomys species are compared in respect of their shapes using 
Hifferent ways of discrimination. The diagram of Fig. 10 displays the species 
ependent shape differences in the two lingual triangles T1 and T3 (nomen- 
lature according to van DER MEULEN 1978, Fig. 1) in the posterior loop of 
he Mj. The openness of the triangles is expressed in terms of w and their 
shape in terms of the tightness parameter t. Clethrionomys rutilus and 


o Clethrionomys glareolus 
e " ” rutilus 
eo " rufocanus 


IL 
2,5 3,0 3,5 4,0 


Fig. 10. The diagram displays the shape differences of the lingual triangles (TI, T3) of 
‘the Mi in three different Clethrionomys species, based on openness (w) and tightness 
(t) measurements. 
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glareolus are both well distinguished from Clethrionomys rufocanus, the point 
distribution of rutilus and rufocanus being nearly completely separated. The 
same species are compared in regard of three lobes of the anterior loop of 
M in the triangular charts of Figs. 11 and 12. The lobes are represented by 
their sector densities 8 comprising tightness and openness. As the sums of 
the densities Sant, Sling and Öbuc reach different values for each individual 
pattern they have to be normalized by setting them equal to 100%. This 
means that only the density differences can be interpreted in a relative sense 
(concerning this mode of representation see BATscHELET 1979, p. 181, Fig. 
7.12). The point distributions for Clethrionomys rufocanus and glareolus in the 
triangular chart of Fig. 11 allow us to state that the shape relations of the 
anterior and lingual lobes are largely similar in the two species, whereas at 
the same time the shape relationships of these two lobes to the buccal lobe 
are rather dissimilar. Fig. 12 shows largely the same for the species ruiilus and 
glareolus, the difference being that their point distributions overlap to a 
higher degree. This means that in respect of the shape of the triangles of the 
posterior loop of My the species rutilus and glareolus are closer to each 
other, whereas in regard of the shape of the anterior loop rutilus and 
rufocanus are more similar. 

Strong pattern variation with dental wear is a particular characteristic of 
semi-hypsodont herbivorous mammals. It is a major source of difficulty in 
describing and comparing the dental features of species objectively. As 
shown by the author in an earlier article (1984), use of the density parameter 
D, permits pattern changes due to tooth wear to be described as a function 


60% Sant 


e Clethrionomys rufocanus 


+ Clethrionomys glareolus 


80% line 80 % 6) 


buc 


Fig. 11. The point distributions illustrate the shape relationships between three 
elements of the anterior loop of Mj in Clethrionomys rufocanus and glareolus. 
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60% ö ant 


« Clethrionomys rutilus 


+ Clethrionomys glareolus 


80% © ling 80% 5 buc 


Fig. 12. The point distributions illustrate the shape relationships between three 
‘lements of the anterior loop of Mj in Clethrionomys rutilus and glareolus. 


Hof the measured crown height, thereby providing a means of expressing the 
I... of hypsodonty in an objective manner. 

Fig. 13 shows in a statistical arrangement a set of 59 isolated lower molars 
KMı, M2) of Issiodoromys cf. quercy from the Upper Oligocene of Ehrenstein 
77. The marked differences between the patterns are mainly an effect of 
idifferent degrees of tooth wear and only to a minor extent due to individual 
wariability. Dental patterns exhibiting separated anterior and posterior halves 
correspond to only slight tooth wear. Patterns whose anterior and posterior 
thalves are already linked together represent moderate to very advanced wear 
sstages. In Fig. 14 all wear stages occurring in the above mentioned Issiodo- 
'romys population are considered. The density values of the entire patterns 
jare plotted against the ratio of the measured crown height and the length of 
he occlusal surface (h/l). The resulting point distribution exhibits a fairly 
dgood correlation of the two quantities for early wear stages. However, in 
imore advanced wear stages no more correlation is seen because the density 
eines of the patterns remain approximately the same with further decreases 
fin crown height. This means that the method using the densities of entire 
atterns in this case is only sensitive in early and moderate wear stages. In 
IFig. 15 instead of entire tooth patterns, two different parts are considered: 
ithe shape relationships of the lingual and buccal outlines of the occlusal 
surfaces are expressed in terms of the deformation indices Qsync and Qsin 
and plotted against crown height (h/I). 

As the ratio of the deformation indices becomes inverse with progressive 
wear, Qsinc/Qsin values between | and 0 are entered on the diagram by 


| 
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Fig. 13. Occlusal surfaces of 59 isolated lower molars (Mı, M2) of Issiodoromys ch 
quercyi from the Upper Oligocene of Ehrenstein 7 (Southern Germany), covering all 
stages of tooth wear. The arrangement of the specimens is random. x 5,5. 
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teir reciprocals and plotted on the “negative” x-axis. In this way the 
(tervals 0 < Qsync/Qsin <1 and 0 < Qsin/Qsync < 1 are not defined. 
| The resulting point distribution exhibits a good correlation between 
jown height and the shape relation of the lingual and buccal indentations 
the pattern through all wear stages. These two examples of shape represen- 
tion show clearly that in cases where shape change cannot be demonstrated 
y the density values (D) of the entire patterns, the analysis of parts of 
ems can provide distinctive criteria. 

| The set of isolated teeth of Isstodoromys cf. quercyi displayed in Fig. 13 is 
inalysed in the triangular chart Fig. 16 with regard to another aspect of shape 
hriation. It is the change which occurs with progressive wear in the 
penness and tightness of the sinusid in relation to the decrease of the 
icy of the entire patterns. The density of the pattern is expressed by its 
¢ciprocal (1/Dp). The roundness of the sinusid is expressed by &sin which 
| the reciprocal of the tightness parameter. The openness of the sinusid is 
presented in terms of the minimum sector density ömin (according to the 
(ct that dmin is a linear function of the central angle p). The point distri- 
lution exhibits a salient angle which indicates a shift in the shape of the 
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g. 14. Issiodoromys cf. quercyi from the Upper Oligocene of Ehrenstein 7. The point 
istribution comprises all specimens displayed in Fig. 13. The density values of the 
tire occlusal patterns of the lower molars (M;, M2, shown in Fig. 13) are plotted 
ainst crown height (h/I). 

ircles: occlusal patterns whose anterior and posterior halves are not linked, corre- 
bonding to only slight tooth wear. 

oints: occlusal patterns whose anterior and posterior halves are linked together, repre- 
nting moderate to very advanced stages of tooth wear. 
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sinusid at a certain wear stage. For comparison, a species of the closely , 
related genus Theridomys (T. aquatilis) is represented in the same diagram. , 
The change in the pattern of Isstodoromys cf. quercyi with progressive wear 
allows the recognition of two different categories of morphotypes corres- , 
ponding to early and moderate wear stages on the one hand and advanced to , 
very advanced wear stages on the other hand. Its morpho-functional signifi- , 
cance can be deduced from the fact that phylogenetically very progressive 
species of the /ssiodoromys lineage (e. g. I. pseudaneama) exhibit early wear 
stage patterns which correspond to very advanced wear stages in /ssiodoromys | 
cf. quercyi. 


4. Discussion 


Two-dimensional biological patterns can in principle be mathematically 
approximated with any degree of accuracy. Complexity of patterns is just a 
question of the number of parameters needed to define them. However, the ' 


| 


resulting formal mathematical representation, besides being completely indif- 


hy 


Qsin 


Qsync 
Qsync 5 4 3 2 1 2 3 4 5 


Qsin 


Fig. 15. Issiodoromys cf. quercy from the Upper Oligocene of Ehrenstein 7. The point ; 
distribution comprises only those occlusal patterns of Fig. 13 whose anterior and 
posterior halves are linked together, representing moderate to very advanced wear 

stages. 
The shape relationships between the sinusid and the synclinids are expressed by their 
deformation indices Qsin and Qsync and plotted against crown height (see p: 93): 
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®rent to human perception ot shape or morphology is biologically 
fneaningless. It is only on the basis of theories that we can correlate 
jrarameters to biological sense and this turns to be the more difficult the 
reater the number of parameters. Morphometric approaches using only very 
jew parameters provide partial and more or less distorted representations of 
piological shape. Nevertheless these methods can be very useful in cases 
where the choice of parameters can readily be adapted to a particular 
#axonomic or morphofunctional problem and on condition that the 


This also applies to the method presented in this article. The principle of 
parameterization of shape is very simple and its use can be extended in 
¢ather a flexible way to a great number of elements of a pattern or even to 
whole dentitions (in this case needing multivariate analysis). Both t and Q. 
which are proposed here alternatively are suitable for characterizing the 
shape properties of loops as open curves. In the case of shape evaluation 
iusing the tightness parameter t, shape measuring of open curves is reduced 
oy transformation to the problem of comparing closed curves with the full 
rircle. In the case of expressing shape by the deformation index Q, open 


te are compared to segments of a circle by means of area ratios. The 


Fig. 16. The point distributions illustrate the relationship between the openness 
(Ssec) and roundness (e) of the sinusid and the density (1/Dp) of the entire patterns in 
lower molars (Mj, M2) of Issiodoromys and Theridomys. The openness of the sinusid 
is expressed by ömin values according to equation 8); see also Fig. 6. 

Points: Issiodoromys cf. quercyi, Upper Oligocene of Ehrenstein 7 (Southern Germany) 
comprising all specimens displayed in Fig. 13. 

Circles: Theridomys aquatilis, Middle Oligocene of Möhren 20 (Southern Germany). 
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somewhat different definitions of the deformation of a circle or segment of a 
circle obtained by the two methods entail different distortion effects in the 
diagramatic shape representations. These distortions have to be taken in | 
account when interpreting the data. Depending on the particular problem — 
being considered one or other of the methods would be more appropriate. — 
In taxonomical and biostratigraphical studies the proposed methods are — 
only helpful when we compare closely related species, because their 
morphology is largely the same, in which case the shape evaluation can | 
directly express differences in particular morphological details. The relevance 
of the method to morphofunctional investigations is already evident from ~ 
the fact that the increases in hypsodonty of the dentitions of herbivorous 
mammals can be described objectively. It is also clear that the objective 
documentation of change in dental patterns during evolution is a precon- 
dition to the understanding of their adaptive history and the causes. 
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|evonian of the Rhenish Slate Mountains, with special reference to their anatomy and 
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\bstract: Four osteostracan species from the Devonian of the Rhineland (West 
ermany) are redescribed and their phylogenetic and systematic position is discussed. 
wo of them are referred to the genus Pattenaspis StENSIO, previously known only from 
e Lower Devonian of the Spitsbergen. P. bardenheueri Frıman exhibits a relatively 
ell preserved internal anatomy. The systematic position of “Cephalaspis” diensti Gross 
ad Hildenaspis digitalis JANVIER is discussed, and some biostratigraphical considera- 
ons are presented. 


re Vier Osteostraci-Arten aus dem Unterdevon des Rheinischen 


chiefergebirges werden anatomisch beschrieben, und ihre phylogenetische sowie syste- 
datische Position wird diskutiert. Zwei der Arten werden in die Gattung Pattenaspis 
TENSIO gestellt, die bisher nur aus dem Unterdevon von Spitzbergen bekannt war. Die 
echt gute Erhaltung von P. bardenheueri Friman erlaubt eine detaillierte anatomische 
‚eschreibung des Craniums. Die systematische Stellung von “Cephalaspis” diensti 
Ross und Hildenaspis digitalis Janvier wird diskutiert und einige biostratigraphische 
‚emerkungen werden gegeben. 


Introduction 


Among the jawless vertebrates, the Lower Devonian Heterosraci of 
‚hineland have been the subject of many detailed studies e.g. by Gross 
1933, 1937), Wo. Scumipt (1954, 1958, 1959), Fanızusch (1957); BLIECK 
1980, 1982) and Frıman & BARDENHEUER (1984). By contrast, the Osteostraci 
‘om the localities “Overath” and “Bilstein” have been only briefly described 
y Gross (1933) and Janvier (1976) and those from the Upper Gedinnian 
scality “Zweifall” (Fig. 1) by Wo. Scumipr (1954) and Friman (1986). The 
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; a 
present revision intends to provide anatomical grounds for a phylogenetic | 


and systematic considerations of these osteostracan species. | 
) 


II. Stratigraphy 


1. Locality “Zweifall” (map 1, = Z): The “Zweifall” locality and the 
adjacent areas have been studied geologically by the late Dr. Wo. SCHMIDT 
(1956). The locality itself is an old and small outcrop on the southern bank 
of the Hasselbach brook, 400 m East of the “Försterei Zweifall” (r 19540: h 
19260, sheet Stolberg), some 60 km West of Cologne. The sediments, where 
the Pattenaspis specimens have been found, belong stratigraphically to the tu 
1 y unit of the Upper Gedinnian stage (cf. Wo. Scumipt 1956: 43-51), one 
of the oldest non-metamorph rocks in the western part of the Rhenish Slate 
Mountains. The sediments of this unit — mainly sandstones and siltstones — 
are characterized by their dark redish colour and, especially by the occur- | 
rence of small calcareous nodules-(“Kalknollen”), which build up several, 1 | 
to 2 cm thick, beds. There are more than 10 nodule beds in the quarry. The 
nodules are missing both in the under- (tu 1 ß) and overlaying (tu 1 8). 


| 


Frankfurt 


50KM 


Fig. 1. Locality map (dotted = Lower Devonian). 
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hits, where, instead of these, quarzitic conglomerates occur (cf. Wo. 
bumipt 1956: 43-44). The redish sand- and siltstones of the unit tu 1 y are 
kreen-flamed” especially around the fossils. 

| Besides the Pattenaspis-specimens, the following agnathans are known 
fom the quarry (cf. Wo. Scumipt 1954, 1958: Frıman 1986): 


Osteostraci: “Cephalaspis” cf. “C.” diensti Gross 

| Heterostraci: Protopteraspids (4 rostra, not previously 
mentioned) 

?Pteraspis jackana WHITE 

Pteraspis rostrata AGAssiz 

Pteraspis traguairi LERICHE 
Rhinopteraspis crouchi LANKESTER 


2. Locality “Overath” (map 1, = O): This well known locality (ca. 50 

East of Cologne, sheet Overath) was described stratigraphically by 
i (1933) and later by Jux (1982: 22-25). The layers are referred partly 
» the Upper Siegenian Wahnbahn Formation and partly to the Lower 
msian Bensberg Formation (cf. Jux 1982: 26-43). The sediments, in which 
C.” diensti occur are brown to black in color and often very hard. The 
ssociated fauna and flora consist of e. g. (cf. Gross 1933, 1937; Jux 1982): 


Heterostraci: Drepanaspis schrieli Gross 
?Protaspis rotunda (GRoss) 
Rhinopteraspis lata FRIMAN 
Rhinopteraspis dunensis (ROEMER) 


Placodermi: Arthrodire-specimens 
Acanthodians 
 Crossopterygii: Porolepiformes 
Plants: Drepanophycus spinaeformis GOEPPERT 


Prototaxites-specimens 


3. Locality “Bilstein” (map 1, = U): The layers, where the singular 
pecimen of the cephalaspian Hildenaspis digitalis (Janvier 1976) was found 
elong stratigraphically (after Jux 1983: 31) to the Lower Emsian Bensberg 
ormation (Sandsteinfolge). The sediments in this locality (Hähner Mühle in 
he Upperbach valley near Bilstein, sheet Engelskirchen, ENE’ to the 
)verath locality) consist of dark grey silt- and mudstones. Other fossils 
ound in the locality are e.g. (cf. Jux 1983): 


Heterostraci: ?Protaspis rotunda (GROSS) 
Rhinopteraspis dunensis (ROEMER) 
Placodermi: Arthrodires 
Crossopterygil: Porolepiformes (P. aff. posnaniensis, after Jux 1983) 


Lamellibranchiata: Ctenodonts and Modiolopsids. 
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III. Systematic description of the Rhenish osteostracans 


1. Genus Cephalaspis Acassiz 


“Cephalaspis” diensti Gross, 1933 
(Fig. 2 A) 


* 1933 Cephalaspis diensti Gross: 56-57, fig. 6, pl. 3, fig. 8-9. 
v.?1954 Cephalaspis sp. 1 - Wo. Scumipt: 25-26, pl. 5, fig. 1. 
v. 1976 Cephalaspis diensti - JANVIER: 225. 
v. 1986 Cephalaspis diensti - Frıman: 19-22, text-ply 2 eplse a 


Holotype: Cephalaspis diensti Gross (1933), a part of the head shield (coll. 
Humboldt University of Berlin (GDR), no: f. 801). 

Diagnosis: Relatively large species, with long and cuspidate cornua. Median field 
long, anteriorly narrowed, posteriorly rounded. Abdominal median dorsal crest low 
and sharp. Orbits in the anterior half of the shield. Tesserae polygonal, average — 
diameter ca. 1,5-3 mm. Ornamentation of the tesserae consisting of 4 to 6 central 
tubercles, surrounded by numerous smaller ones. 


Histology: Because of the bad preservation of the fossils no thin- | 
sections could be made (cf. Orvic 1967; Frıman 1986: 16). 

Remarks on “Cephalaspis” diensti Gross (Fig. 2 A): As pointed out by 
Janvier (1985: 200), the size and overall shape of the shield, as well as the 
position of the lateral fields on the dorsal side of the cornual processes in 
“Cephalaspis” diensti are strikingly suggestive of the genus Meteoraspis, 
erected by Janvier (1981) for Cephalaspis gigas WANGsj6 (1952: fig. 70, pls. 
52-53; JANVIER 1985: fig. 112, pl. 4) and some other species which share with 
the latter the same lateral position of the lateral fields on the cornual 
processes. As evidenced from the fragmentary cornual process of “C.” diensti 
figured by Gross: 1933: pl. 3: 8), the lateral field is narrow, with regular 
limits, and runs close to the lateral margin of the cornual process, just asin 
the most typical Meteoraspis species from the Wood Bay Formation of Spits- 
bergen (Fig. 2 B, C). However, the reconstruction proposed by Gross for “C.” 
diensti (Gross 1933: fig. 6) shows the lateral fields as ending far before the 
posterior end of the cornual process. If this feature is confirmed by further 
findings, it would be an important difference to Meteoraspis, in which the 
posterior end of the lateral fields coincides practically with the posterior end | 
of the lateral processes (Fig. 2 B, C). 

The central part of the shield of “C.” diensti figured by Gross (1933: pl. 3: 
9) differs markedly from that of Meteoraspis. The median dorsal field is oval, 
or drop-like, in shape, whereas it is usually more rectangular in shape in 
Meteoraspis. Nevertheless, some Meteoraspis species, e.g. M. moythomasi 
(Wäncsjö and M. sp. 1 (Janvier 1985: fig. 109) possess a dorsal field with 
such a rounded posterior margin. By contrast, in all Meteoraspis specimens 
from Spitsbergen, the anterior margin of the dorsal field is either straight or 
slightly embayed by the pineal region, but never pointed as in “C.” diensti. 
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g. 2. A) “Cephalaspis” diensti Gross, Lower Devonian (Upper Siegenian), Rhineland 
)verath), reconstruction of the shield in dorsal view (from Gross 1933). 

) Meteoraspis moythomasi (WAngsJö), Lower Devonian (Wood Bay Formation), Spits- 
srgen, reconstruction of the shield in dorsal view. 

1) and specimen MNHN, Paris, SVD 1126, in dorsal view (B 2) (from Janvier 1985). 
) Meteoraspis cf. oblonga (Stensıö), Lower Devonian (Wood Bay Formation), Spits- 
rgen, cornual process of specimen MNHN, Paris, SVD 1123, showing a disconti- 
1ous superficial layer of the exoskeleton. Note the typically lateral position of the 
teral field on the cornual process. 

) Meteoraspis sp., Lower Devonian (Wood Bay Formation), Spitsbergen, isolated 
nual process MNHN, Paris, SVD 1160, showing a tuberculate ornamentation of the 
oskeleton. - Scale = 10 mm. 
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The median dorsal crest of the abdominal division of “C.” diensti shows a }} 
sharp edge which is situated only half-way between the posterior margin of 
the dorsal field and the presumed posterior margin of the abdominal 
division. This character is hitherto not known in Meteoraspis and occurs in 
Stensiopelta woodwardi (STEnsıö) and S. pustulata JANVIER, respectively, from 
the Devonian of Wales and Podolia (Janvier 1984: fig. 10 A; Stensıö 1932: 
fig. 50). Stensiopelta is regarded by Janvier (1984) as a primitive scolena- 
spidian, on the basis of the shape of the naso-hypophysial opening. 

The naso-hypophysial opening of “C.” diensti is poorly preserved but 
seems to be situated between the orbits, a character which is consistent with 
many Meteoraspis species, in particular the most derived ones such as M. 
caroli (WäncsJö), M. gigas (Wängsjö) and M. lata (STENSIG) (JANVIER 1985: | 
figs. 112, 113 C). The shape of the opening itself, narrow and elongated, 
agrees with Meteoraspis and the cephalaspidians in general. Whether a pineal | 
plate was present is undecided and the pineal foramen may only have been © 
surrounded by numerous small tesserae, like in Meteoraspis (JANVIER 1985: 
fig, 112 Baer pl. Gol by 

Despite these difference, “C.” diensti seems to be more closely related to 
Meteoraspis than to any other group of the osteostracans. If it is placed in 
this genus itself, it would represent the first occurrence of Meteoraspis 
outside Spitsbergen, where it is known exclusively from the Wood Bay 
Formation (Siegenian-Emsian). | 

The tessellate pattern of the exoskeleton of “C.” diensti, with well-marked | 
inter-areal grooves and tuberculate ornamentation is also encountered in 
Meteoraspis (Fig. 2 C, D). Strangely enough, thıs pattern and a smooth and 
continuous exoskeletal surface may occur in the same species. It has been 
interpreted (Janvier 1985: 152) as a difference in age or growth stage 
between the individuals. Those with large inter-areal grooves and tuberculate 
ornamentation are supposed to be immature individuals, in which the super- 
ficial layer of the exoskeleton is poorly developed. By contrast, those with a 
continuous exoskeletal surface have a thick superficial layer with fused 
tubercles, and dorsally closed inter-areal grooves (inter-areal canals). This 
type of smooth exoskeletal surface is met with in many osteostracans (mainly 
cephalaspidians, but also Waengsjoeaspis exellens (WANGSJG) (JANVIER 1985), 
and the non-cornuate Hemicyclaspis murchisoni (EGERTON)), and it can be 
compared with the cosmine of the Tremataspididae and sarcopterygians, at 
least by structural analogy. The exoskeleton with a continuous superficial 
layer being assumed to indicate mature individuals with slow growth rate, 
JANVIER (1985: 200) suggested that shield size and proportions should be 
used as diagnostic characters only in specimens showing such a type of exo- | 
skeletal structure. Following this reasoning, the known material of “C.” 
diensti should be regarded as belonging to either immature individuals or 
individuals with continuous growth and, thus, the size of its shield should | 
logically not be included in the diagnosis of the species. 


; 
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‚ Genus Hildenaspis JANVIER 


Hildenaspis digitalis Janvier, 1976 


(Fig. 3 B) 
1976 Hildenaspis digitalis JaNviER: 223-225, fig. 1. 
1982 Cephalaspiden Knochenbruchstücke - Jux: 31. 
1986 Hildenaspis digitalis - Frıman: 23-24, text-pl. 2: 2. 


Holotype: Hildenaspis digitalis JANV1ER (1976), a natural mould of the dorsal side 
ff a head shield (coll. SMNH p. 8370, Stockholm). 

Diagnosis (as for the genus, monospecific): Small Cephalaspians. Shield only 13 
am in length. Without tesserae. Ornamentation of the shield consisting of narrow 
jregular rows of tubercles (concentric to spiral or wave-like). On the cornual processes 
ne tubercle rows are parallel to the margins. Median field elongated and narrow, well 
‚ehind the orbitae. Lateral fields long, reaching the cornual processes. Pectoral sinus 


»duced. 


Histology: Because the holotype is only a natural mould no histolo- 
ical description is possible. 


Remarks on Hildenaspis digitalis Janvier (Fig. 3 B): 
Janvier (1976) described as H. digitalis a small cornuate osteostracan 


ig. 3. A) Hildenaspis sp., Lower Devonian (Wood Bay Formation), Spitsbergen, 
pecimen MNHN, Paris, SVD 1166 (A 1) and reconstruction (A 2) showing the 
osition of the three foremost s.e.l. canals. . é 

3) Hildenaspis digitalis Janvier, Lower Devonian (Upper Siegenian), Rhineland 
Bielstein), reconstruction of the shield in dorsal view (from Janvier 1976, modified as 
o the size of the orbits). - Scale = 10 mm (A 1), = 1 mm (Gaze): 
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ornamented with peculiar elongated tubercles which form a pattern recalling 
a fingerprint. Unfortunately the central part of its shield 1s unknown and | 
only the orbits are visible (they may be larger than reconstructed by JANVIER 
1976: fig. 1). Like “Cephalaspis” diensti, H. digitalis share with Cephalaspis 
lyelli (type species of the genus Cephalaspis) only general cornuate osteo- 
stracan characters, and it would have been useless to refer it to Cephalaspis. 
Therefore, Janvier (1976) erected the genus Hildenaspis for this single 
species. By the general shape of its shield and, in particular, its peculiar 4 
ornamentation, H. digitalis lies closer to Mimetaspis (Stensıö 1958) than to 
any other cornuate osteostracan genus. This type of ornamentation, which ||| 


has recently been also described in large Mimetaspis species (M. glazewskit ||| 
Janvier) from the Lower Devonian of Podolia (JANvIER 1984), and seems to jf 
be a good character uniting Mimetaspis and Hildenaspis. The latter genus | 
may even be unnecessary, and MH. digitalis might be included in the genus rf 
Mimetaspis as M. digitalis, however, H. digitalis differs from all Mimetaspis 
species by the more distinct spiral pattern of the tubercle rows, and it would | 
be preferable to have data on its internal anatomy before synonymizing |} 
Hildenaspis with Mimetaspis. 
Some small cornuate osteostracans resembling AH. digitalis and having the 
same type of ornamentation have been recorded from the Lykta division of # 
the Wood Bay Formation of Spitsbergen (JANvIER 1985: fig. 118; cf. Fig. 3 A). ‚4 
They have been provisionally referred to as Hildenaspis sp. One of them 4 
shows a faint race of the s.e.]. canals leading to the lateral fields, and it is 
clear that the foremost of these canals (l.s.e.l.c. 1, Fig. 3 A2) branches at a 
point very close to the orbit, a character which is regarded by Janvier (1981, : 
1985) as a synapomorphy of the cephalaspidians. 


! 


3. Genus Pattenaspis STENSIÖ 


The genus Pattenaspis, erected by Stensiö (1958: 148) for Cephalaspis | 
acuminata \WÄNGSJö, 1s characterized by narrow and often lobated rostral 
region, and by large and deep supra-oral fossae. As a consequence of the 
narrowing of the rostral region, the prebranchial fossae are much reduced. 
The cornual processes are generally long, slender, and bear a row of medial | 
denticles. The ornamentation consists of relatively large, isolated and spiny | 
tubercles which recall those of primitive thyestidians such as Procephalaspis 
and Auchenaspis. Pattenaspis was hitherto known only from the Red Bay 
group of Spitsbergen (Gedinnian), where it is represented by at least eight 
species, but we refer here to this genus two new species from the Lower ; 
Devonian (Upper Gedinnian, cf. § II) of Rhineland, and which has been ; 
shortly described as to their histology by FRIMAN (1986: 29, 33-34, text-pl. 3, 4 
pl 
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Pattenaspis bardenheueri PRiMAN, 1986 


(Figs. 4-5) 

+ 1954 Cephalaspis sp. 2 - Wo. Scumipr: 26-27, pl. 5, fig. 3a-b. 
1978 Cephalaspis sp. — Knapp: 33. 

1° 1986 Pattenaspis bardenheueri Friman: 25-30, pl. 1, fig. 1. 


olotype: Pattenaspis bardenheueri Frıman (1986: pl. 1, fig. 1), a head shield (no 
NHN, Paris, RHE 02). 


Diagnosis: Medium to large size species of the genus. Cephalic shield without 
esserae, relatively narrow and elongated triangular in shape. Cornual processes longer 
nan 1/2 of the median length of the cephalic shield and oval in transverse section. 
Irbits oval. Pineal plate most probably present. Dorsal median field most probably 
rge and oval in shape. Lateral field long and narrow, not reaching the top of the 
ornual processes. Abdominal division elongated, without median crest. Ornamen- 
ation of the dorsal surface of the shield consisting of irregular, small tubercles and of 
"ongated wrinkles on the cornual processes. 


Histology: The tubercles of the exoskeleton in P. bardenheueri are made 
»f mesodentin, as they are obviously in all osteostracans (cf. STENSIG 1927: 
16-37, pl. 72, fig. 3; Gross 1935; Orvic 1967, Friman 1986: 29), and a 
al outer layer of enameloid (? durodentin) is always missing (but cf. 
teraspidimorphi, Frıman 1986; cf. further Gross 1935: 4, 7; Orvic 1951, 
967). The dentinal tubuli, with an average diameter of 2-4 um (Fig. 6 A, 
;EM photograph) arise either directly from a pulpa canal or from a kind of 
acunae, which are supposed to represent primarly odontocytes captured in 
lhe hard tissue during the growth of the exoskeleton. There is always one 
najor pulpa cavity in each tubercle, which is accompanied by 1 to 3 side 
pranches (Fig. 6 B-D). The spongious middle layer of the exoskeleton and 
he basal layer are made of true bone with osteocyte lacunae. These lacunae 
re more elongated (spindle like) in the basal layer than in the spongiosa, 
vhere they are irregular in shape (cf. Frıman 1986). 

Cranial anatomy: The morphology of the cephalic shield and the 
nicroanatomy of the exoskeleton in Pattenaspis bardenheneri has been 
yreviously described by Friman (1986). The following new data are based on 
new investigation (by Janvier) of the holotype. 

This species is based on a single specimen, which is distorted by lateral 
ompression. The general shape of its shield cannot, thus, be reconstructed 
vith certainty (cf. Frıman 1986: text-plate 2: 2). However, there are three 
easons to refer this species to the genus Pattenaspis: 

A) Despite the lateral compression which may have exagerated the struc- 
ures of the oralobranchial cavity, the supre-oral fossa (so. f., Fig. 4 A, 5 B) 
re very well marked and longitudinally elongated. The prebranchial fossae 
re not clearly visible, but, on the left side, one can notice the foramen for 
he canal of the mandibular and maxillar branches of the trigeminus nerve (f. 
nx. + md., Fig. 4 A, 5 A) which generally marks the position of the 
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s.o.f 


x 


fimxt+md~_ 


Fig. 4. Pattenaspis bardenheueri Frıman, Lower Devonian (Upper Gedinnian), jj) 
Rhineland (Zweifall), holotype (MNHN RHE 02) in dorsal (A) and lateral (B) view, il. 


with adjoining explanatory scheme. Scale = 10 mm. 
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rebranchial ridge. This foramen is, here, very close to the supra-oral fossa of 
he same side, and indicates that the prebranchial fossa was reduced, as in, 
ig. Pattenaspis acuminata (STENSIO 1964: fig. 14). 

B) The ornamentation is visible on some small patches of the exoskeleton 
rhich are preserved on the dorsal surface. It consists of medium sized, 
attered tubercles, which are mostly conical in shape and point backwards. 
iome of them are broken off, and show that each tubercle possess a basal 
ain) cavity (Fig. 6). The latter, however, is not as large as that in the 
bercles of Thyestes verrucosus EicHwatp (Denison 1951: fig. 35 B). This 
ype of ornamentation is strikingly similar to that of an undetermined Patte- 
aspis species from Spitsbergen prepared chemically (Janvizr). 

C) The cornual processes are slender, like in most Pattenaspis specimens 
‘om Spitsbergen, e. g. P. deltoides (Wäncsjö), P. divaricata (WANGSJO) and P. 
tkeraspidoides (STENSIÖ), but it is unclear whether they bear median 
enticles or not. Moreover, they seem to be thicker, and more rounded in 
ection, than those of the Pattenaspis species from Spitsbergen. 

Some anatomical details are visible on this specimen, but they do not 
rovide further information as to its systematic position. As mentioned 
bove, the supra-oral fossae (so. f., Fig. 4 A), the supraoral field (so. fd.) and 
he prebranchial fossa are visible. In front of the supraoral field, inside the 
ostral region proper, the canal for the rostral vein (ros. v.c., Fig. 4A, 5 A) is 
yell preserved, and sends off thin branches to the subaponeurotic vascular 
lexus which runs on the internal surface of the exoskeleton (plx. c., Fig. 5 
\). 

In the central part of the shield the exoskeleton is broken off, showing 
he perichondral lamella which lines the brain cavity. The mesencephalic and 
retencephalic divisions of the brain cavity (mes., met., Fig. 5 A) are clearly 
isible. The metencephalic division is well developed, with its typical paired 
orsal swelling. On each side of this division arises a large canal for the 
orsomedial superficial artery (a. dm. s. c., Fig. 5 B) which irrigates all the 
entral part of the dorsal surface of the shield. This artery 1s a very constant 
saure of osteostracan anatomy. In front of the orbits, the canal for the 
rofundus branch of the trigeminus nerve and the facial vein (c. pr., Fig. 4 A) 


; clearly visible. 

Behind the metencephalic division, the large canals leading from the 
ıbyrinth cavity to the median dorsal (sensory) field meet dorsally the to the 
rain cavity, and form a large atrium (atr., Fig. 4 A, 5 B) subdivided by a 
1edian septum (sept., Fig. 5 B). This septum, which seems to be restricted to 
1e posterior part of this atrium, has never been observed before in osteo- 
racans, except in section (Mimetaspis hoeli (StENSIG); STENSIG 1927: pls. 75- 
6, sections 55-56). Posteriorly to this atrium of the dorsal s. e. I. canals, the 
tain cavity continues, with the myelencephalic division and the neural 
anal (neur. c., Fig. 4 A, 5 B). Other internal structures, such as the posterior 
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Fig. 5. Pattenaspis bardenheueri FRIMAN, (same as Fig. 4), details of the internal anatomy, 
camera lucida drawings. A) rostral vein canal and anterior part of the roof of the oralo- 
branchial cavity, dorsal view. B) middle and posterior part of the brain cavity, dorsal 
view. -— Scale = 1 mm. 
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emicircular canal of the left side (sc. c., Fig. 4 A) and some faint traces of the 
kteral s.e.l. canals (l.s.e.l.c., Fig. 4 A) can be observed too. 

Nothing can be said of the shape of the median dorsal field (cf. Frıman 
986: text-plate 2: 2), and only the median limit of the lateral fields is visible 
. fd., Fig. 4 A). 

The orbits, although much distorted, are relatively large. Nothing can be 
aid of the presence of a pineal plate and only a faint trace of the pineal 
pramen can be distinguished. The right side of the naso-hypophysial 
pening (nh. o., Fig. 4 A) can be traced when the specimen is immersed in 
cohol. It seems to have been relatively short, with its two divisions equal in 
ize, as it can be excepted for this genus. 

_ Comparison: P. bardenheueri 1s larger than all the Pattenaspis specimens 
rom the Spitsbergen, yet it would be closer in size and shield proportions, to 
’. deltoides (WANGsJO 1952: fig. 29). However, it differs from the latter species 
'y its more elongated abdominal division and more massiv cornual 
rocesses. 


ig. 6. Pattenaspis woschmidti FRIMAN. A) SEM-photograph of the natural cast of the 
anals of the exoskeleton. B) and C) section trough the exoskeleton (both 40 x). D) 


ection trough a tubercle (100 x). Scale = 10 um in 6 A. 
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Pattenaspis woschmidti FRIMAN, 1986 


(Fig. 6-7) 
v. 1954 Cephalaspis cf. 3 - Wo. Scumipt: 27-28, pl. 5, fig. 4, pl. 6, fig. 2a-d. 
v 1986 Pattenaspis woschmidti Friman: 31-34, text-pl. 2, pl. 1, fig. 2, 4, Pl 


Holotype: Pattenaspis woschmidti Frıman (1986: pl. 1, fig. 2), an incomplete 
cephalic shield in ventral view (coll. MNHN, Paris, RHE 01). 


Fig. 6 (B-D) 
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Diagnosis: A large Pattenaspis with very long cornual processes (longer than the 
yedian length of the shield). Pectoral sinus very deep. Abdominal division relatively 
(ort. 


Histology: Histologically both Pattenaspis specimens do not differ from 
tch other (cf. Fig. 6 and P. bardenheueri, above). 

Remarks: A second specimen (MNHN, No. RHE. 01) from the same 
ecality may also be refered to the same genus, since it has almost the same 
fnamentation and shape of the cornua as P. bardenheueri (Fig. 7). It is repre- 
tnted by the cornual processes and the marginal region of the right side of 
ne shield, exposed in ventral aspect, and by some lose cornual processes. It 


| re =, 
ig. 7. Pattenaspis woschmidti Frıman, Lower Devonian (Upper Gedinnian), Rhineland 


Zweifall), specimen no. MNHN, Paris, RHE 01. Right marginal and cornual regions of 
he shield in ventral view, with the adjoining explanatory scheme. - Scale = 10 mm. 


1 
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is twice as large as the shield of P. bardenheueri and because of the very long 
cornual processes it is refered to a different species (FRIMAN 1986: 31-34). 
The Holotype of P woschmidti shows a small part of the margin of the oralo- 
branchial fenestra, and some of the canals of the endoskeleton of the | 
scapulo-cornual region (vascular canals ?). A faint trace of the lateral s. e. 8 
canal (l.s.e.l.c., Fig. 7) may be observed too. The ornamentation of the 
exoskeleton is rather similar to that of P. bardenheueri, in particular on the 
marginal region, where a faint trace of a tessellate pattern may be observed. 
(tessnkisen). 


4. Conclusions 


This first occurrence of Pattenaspis in the Lower Devonian of the 
Rhineland is interesting on a stratigraphical point of view. All the Pattenaspis 
specimens of Spitsbergen occur in the Red Bay Group, and particularly in 
the Fraenkelryggen Formation (WäÄngcsjö 1952), which is regarded as Lower 
Gedinnian in age. However, P. deltoides, which bears the closest similarity, 
with P bardenheueri, occurres also in the uppermost part of the Ben Nevisl 
Formation, which is correlated with the Crouchi zone of the Welsh 
Borderland (BLieck 1983), a zone referred to the Upper Gedinnian (BLIECK 
1984). This occurrence is thus perfectly concordant with the presence of 
Rhinopteraspis crouchi (cf. Frıman 1986) and the Upper Gedinnian age of 
Zweifall locality. 


Abbreviations 
a.d.m.s.c. =canal of the dorsomedial superficial artery 
atr. = atrium of the dorsal s.e.l. canal 
bl. = basal layer 
& = cornual process | 
c. pr. = canal for the profundus branch of the trigeminus and facialis vein 
d. tub. = dentinal tubuli 
f. mx.+md. = foramen of the canal for the maxillar and mandibular branches of the’ 
trigeminus nerv 
ler = lateral field canal 
ll, tel, = lateral field 
lsel.e = lateral s.e.l. canal (a, anterior, b, posterior) 
lacwo: = osteocyte lacunae 
mes. = mesencephalic division of the brain cavity 
met. = metencephalic division of the brain cavity 
md. = mesodentin 
neur. c. = neural canal 
nh.o. = naso-hypophysial opening 
orb. = orbit 
p- can. = pulpa canal 


plx. c. — canals of the subaponeurotic vascular plexus 
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Ik v. = canals of the rostral vein 

ic. = posterior semicircular canal 

Il. = “sel” canals, leading from the labyrinth 
pt. = septum of the dorsal s.e.l. canal atrium 
If. = supra-oral fossa 

| fd. = supra-oral field 

ID. = spongious layer 

I. = trace of tesserae 

ID. = tubercles 

Be. = vascular canals 
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Aazın, J. N. (1986): Paleobiogeography of Triassic Ichthyopterygian Reptiles; some 
orking hypotheses. - N. Jb. Geol. Paläont. Abh. 173: 117-129; Stuttgart. 


bstract: Known geographical ranges suggest that the Ichthyopterygia originated 
luring the Lower Triassic, probably in the northern Germanic area (present Spits- 
»ergen), and migrated towards the eastern Tethysian area. During the Middle Triassic, 
xchanges are numerous between the different peri-Laurasian, Tethysian, and western 
Pacific areas. During the Upper Triassic the Tethysian area seems to have been isolated, 
while trans-Pacific dispersals were possible. 


| 
ey words: Ichthyopterygia; Triassic; Paleobiogeography; Dispersal; Tethys; Pacific 
Dcean. 


Resumé: La distribution géographique connue des Ichthyopterygia triasiques est 
ynthétisée et les différentes possibilités de dispersion sont analysées. Au Trias 
nferieur, les Ichthyopterygia se sont probablement individualises dans le domaine 
1ord-germanique (actuel Spitsberg) et se sont dispersés vers le domaine est-téthysien. 
Au Trias moyen, les échanges sont devenus plus nombreux entre les différents 
lomaines péri-laurasiatiques, téhysien et ouest-pacifique. Au Trias supérieur, le 
lomaine téthysien semble s’isoler et les dispersions trans-pacifiques ont lieu. 


Zusammenfassung: Die bekannte geographische Verbreitung der triadischen Ichthyop- 
erygia wird zusammengefaßt, und es werden verschiedene Ausbreitungs-Möglichkeiten 
rörtert. In der unteren Trias hatten die Ichthyopterygier wahrscheinlich ihren 
Jrsprung in der nord-germanischen Region (heutiges Spitzbergen), von wo aus sie in 
las ost-tethydische Gebiet auswanderten. In der mittleren Trias gab es viel Austausch 
wischen den peri-laurasiatischen, tethydischen und west-pazifischen Gebieten. In der 
beren Trias scheint das tethydische Gebiet isoliert worden zu sein, und es wurden 
rans-pazifische Ausbreitungen möglich. 
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Introduction | 


| 

The history of the Triassic Ichthyopterygia can be divided into threal 
periods, corresponding approximatively to the stratigraphical divisions: | 
Lower, Middle and Upper Triassic. 


During the Lower Triassic, the Ichthyopterygia are rare (Fig. 1 A). Only | 


saurus crassidens MAZIN, 1981, both from the San (Upper Scythian) of ’ y 
Spitsbergen; Utatsusaurus hataii SHIKAMA, Kamei & Murata, 1978, from the | 
Upper Scythian of northeastern Japan; Chaohusaurus geishanensis YOUNG & 
Done, 1972, from the upper part of the Lower Triassic of Chaohu (China). | 
Their geographical range is unusual since they are distributed into two | 
distinct areas, one being the northern Germanic area with Grippia and ji 
Svalbardosaurus, the other one being the eastern Tethysian area with Utatsu- | 
saurus and Chaohusaurus. As discussed later, it is difficult to explain such a 
bipolar distribution. 

During the Middle Triassic the Ichthyopterygia extend their geographic. 
range into a peri-Laurasian distribution with a considerable increase in the 
species numbers (Fig. 1B). At least 17 species are known, representing 5 
genera. During this period we can recognize five great areas of ichthyosaur jf, 
distribution: an eastern-Pacific area with the North American species referred 
to the genera Mixosaurus, Phalarodon, Cymbospondylus and Omphalosaurus; 
a north-Laurasian area with the species referred to the genera Mixosaurus, 
Pessosaurus, Phalarodon, Omphalosaurus from Spitsbergen, and an indeter- 
minate form from northwestern USSR; a Germanic area with Mixosaurus 
atavus and numerous remains tentatively referred to American genera by F. 
v. Huene (1916); a Tethysian area with Mixosaurus cornalianus (Swiss and. 
Italian Alps), Mixosaurus sp. (Turkey), Mixosaurus maotaiensis (China), and 
Mixosaurus (?) timorensis (Timor, Indonesia). The fifth area is the south- 
western Pacific area, the only Gondwanian area known for Middle Triassic 
ichthyosaurs, with the enigmatical Mixosaurus hectori from New Zealand. 

During the Upper Triassic the known geographical range of the Ichthyop- 
terygia becomes restricted (Fig. 1C). We know ichthyosaur remains in an 
East Pacific area with numerous species from California and Nevada; in a 
Tethysian area with two Tibetan species, Himalayasaurus tibetensis and 
Tibetosaurus tingjiensis, and in a southwestern Pacific area with remains from 
New Zealand and New Caledonia. 

Thus, the history of the Triassic Ichthyopterygia corresponds to three 
phases: “beginning”, extension and restriction. During the whole Triassic 
period, the ichthyosaurs showed an extraordinary diversity of forms with | 
various morphological and ecological types. The end of the Triassic was 
marked by a stop of intensive variation, and, probably, an evolutionary crisis 
corresponding to the Triassic-Jurassic boundary. Indeed, at the beginning of 
Jurassic, only one main type of ichthyosaur is known, which represents the 
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lypical ichthyosaurs” and produced a lot of well known species of pelagic 
plphin-like ichthyosaurs, up to the Middle Cretaceous. 


Discussion 


The object of this paper is to discuss the different hypotheses concerning 
ich a variation of the geographical range of ichthyosaurs during the Triassic. 
wo main questions can be asked: 

- In which geographical zone did the Ichthyopterygia originate? 

- What were the ways used by the Ichthyopterygia to pass from an area to 
nother during the Triassic? 

Before some solutions are suggested, it is necessary to specify that the 
sible rarity of Lower Triassic ichthyosaurs is probably due to the lack of 
»ssil data corresponding to this period. Marine Lower Triassic outcrops are 
‘frequent and not all of them have been prospected. 


. Lower Triassic 


The bipolar geographical range of the Lower Triassic ichthyosaurs 
volves some problems, and from the available data, we can propose and 
ie three solutions. 

a) In a first case we can suppose that the Ichthyopterygia are diphyletic 
with two independent primordial populations, one in the northern 
Germanic area and another in the Tethysian area. But we have no 
evidence to demonstrate such a diphyletism. Conversely, there is some 
evidence for phylogenetic relationships between the forms from Japan 
and Spitsbergen (Mazin, 1982). Similarly, the description given by 
Young & Dong (1972) suggests that the Chinese form is very close to 
Grippia, the form from Spitsbergen. Thus, there is no doubt that the 
Ichthyopterygia are a monophyletic group, even if we are unable today 

to identify their precise origin. 

b) A second possibility is to suppose that the Ichthyopterygia have origi- 

nated in an unknown geographical region, and, from there, have split 
into two populations migrating towards a northern Germanic area on 
the one hand, and towards an eastern Tethysian area on the other hand 
(Fig. 2a). We may suppose that this hypothetical point of origin was 
located somewhere between these two areas, along the northern 
Laurasian coast for example. If this was the case, the unknown 
“founder-population” would have been able to stretch its geographical 
range by dispersal and migration or by a vicariant process (if an as yet 
undefined barrier has appeared). But we have no evidence either about 
this hypothetical point of origin or about such a founder-population. 

c) The third hypothesis is that the Ichthyopterygia have originated in the 
northern Germanic area and migrated towards the eastern Tethysian 
one. Or, conversely, they have originated in the eastern Tethysian area 
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Fig. 1. Distribution of the Triassic Ichthyopterygia. A: Lower Triassic; B: Middle 
Triassic; C: Upper Triassic. Every black spot represents one genus. Th 


e white spot 
represents the doubtful genera described by Huene (1916). 
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and migrated towards the northern Germanic one (Fig. 2b, c). In the 
present state of our knowledge, one of these two hypotheses is the 
more satisfying. But it remains to precise in which direction this 
dispersal took place. 
_ From a phylogenetic point of view, I have shown elsewhere that Grippia 
ngirostris is a very primitive form and undoubtedly the most primitive 
hthyosaur known (Mazin, 1981, 1982). Indeed, this species is characterized 
some very primitive features: a broad short-snouted skull (ratio length of 
hout/length of mandible = 0,50 to 0,60); teeth inserted in distinct pits and 
ixed by a calcified tissue; roots widely open at their base; two rows of teeth 
the maxilla; large frontal and maxilla; large quadratojugal which partici- 
ates in the formation of the temporal fenestrae; a pineal foramen opening 
btween the parietals (i. e. not at the boundary between parietals and frontals 
; in all other ichthyosaurs); elongated metapodials; no polydactyly and 
obably short digits; elongated phalanges. Many of these characters can be 
nsidered as plesiomorphic for the Ichthyopterygia since they also exist in 
re Japanese form Utatsusaurus hatatt. But this species also shows some more 
dvanced characters, such as a more elongated snout (ratio L. snout/L. 
kandible = 0,65 at least) and only one row of maxillary teeth. Unfortu- 
ately, the skull of this species is only incompletely known and because of 
he position of the specimens in the matrix we know neither the exact 
sition of the pineal foramen nor the organization of the temporal 
nestrae. The very interesting Chinese species Chaohusaurus geishanensis is 
so a small form with a mixture of primitive and advanced characters. To 
dge from the drawing of the specimen (Young & Dong, 1972), Chaohu- 
urus has a pineal foramen close to the parietal-frontal suture, only one row 
f maxillary teeth (heterodont as in Grippia), and shorter metapodials than 
rrippia or Utatsusaurus. 

The fourth species cited, Svalbardosaurus crassidens from Spitsbergen, is 
nly represented by a series of large teeth and cannot be compared with the 
ther three Lower Triassic ichthyosaurs. Since Grippia can thus be considered 
s the most primitive ichthyosaur known, we propose that the Ichthyopte- 
ygia originated somewhere in the northern Germanic area, from where they 
ould disperse to the eastern Tethysian area. But which route did they use? 
‚pparently, only the peri-Laurasian route was available. A trans-Laurasian 
ispersal could be considered, but this would require the existence of an 
picontinental sea way connecting the Tethys with the northern Germanic 
rea. Such a connection, which can be demonstrated during the Middle 
riassic via an important Germanic area (see later), is difficult to admit for 
1e early Triassic. There is neither geological nor paleontological evidence to 
ıpport such a hypothesis. In fact, the only available route was the peri- 
aurasian one. The paleobiogeography of the Lower Triassic fishes supports 
is hypothesis. During this period the distribution of marine ichthyofaunas 
clearly circum-Pangean (SCHAEFFER & Mancus, 1976). Fishes such as Ptero- 
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Lower Triassic Middle Triassic 


Upper Triassic 


Migration routes 
of Ichthyopterygia 


Fig. 2 (Legend see p. 123) 
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‘sculus, Saurichthys, Boreosomus, Perleidus, Bobasotrania, Whiteia which were 
4 bably shallow marine forms, are known around Pangea. For example, the 
nus Saurichthys, which is known in the same northern Laurasian area as 
rippia (Spitsbergen), is also found in Western Canada, Greenland, India, 
adagascar, i. e. in the northern Germanic as well as in the Tethysian area. 
ere is no doubt that the gaps in this known geographical range are due to 
|ps in the fossil record. But if shallow marine fishes were able to use such a 
n-Laurasian route between the northern Germanic area and the Tethys, 
ere is no reason why small ichthyosaurs living near the coasts (such as 
wippia) should not have been able to use the same route. It should be noted 
“at in the late Lower Triassic (Scythian) some invertebrates contempora- 
bous with these ichthyosaurs, such as the bivalve Claraia, show an obvious 
bri-Laurasian geographical range (KumMeL, 1973). 


Middle Triassic 


During the Middle Triassic the geographical range of the Ichthyopterygia 
clearer. As mentioned above, five major areas are known. This shows that 
here were few hindrances to ichthyosaur dispersal during this period. 
‚owever, we also can ask some questions about this distribution: What were 
ne relations between these different areas? What were the routes used by the 
inthyosaurs? Why are there so few Gondwanian ichthyosaurs during the 
iddle Triassic? The problem of the relation between these areas has already 
en discussed in previous papers (MERRIAM, 1908, 1911; Mazin, 1984). 
ome of these areas, for instance the eastern Pacific and the northern 
aurasian ones, show obvious faunal similarities. Four middle Triassic 
hthyopterygian genera are known in the eastern Pacific area (present 
alifornia and Nevada): Mixosaurus, Phalarodon, Cymbospondylus and 
mphalosaurus. Three of these genera are also known in the northern 
aurasian area (present Spitsbergen), showing close relationships between 


ig. 2. Possible routes of dispersal for Ichthyopterygia during the Lower Triassic. a: 
yunder-population located somewhere on the northern Laurasian coast and splitting 
to two populations migrating towards the northern Germanic area and towards the 
istern Tethysian area. b, Ichthyopterygia have originated in the northern Germanic 
ea and migrated towards the eastern Tethysian area. c, Ichthyopterygia have origi- 
ated in the eastern Tethysian area and migrated towards the northern Germanic 
ea. d: Possible routes of dispersal for Ichthyopterygia during the Middle Triassic. 1, 
ee and possibly discontinuous communications between the eastern Pacific area and 
ie northern Laurasian area. 2, free communications between the northern Laurasian 
ea and the epicontinental sea of the Germanic area. 3, dispersal of mixosaurs along 
e Tethysian coasts and from the Tethysian area towards the Germanic area. e: Possible 
utes of dispersal for Ichthyopterygia during the Upper Triassic. 1, trans-“Pacific” route 
om the eastern Pacific area towards the western Pacific area. 2, probable northern 
1urasian route. 3, non identified selective barrier between the Tethysian area and the 


estern Pacific area? 
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these two regions (Fig. 2d). However the eastern Pacific and the northern » 
Laurasian areas show a clear independence at the specific level. The eastern | 
Pacific species are Mixosaurus natans, Cymbospondylus nevadanus, G 
piscosus, C. petrinus, Omphalosaurus nevadanus, while in the northern 1 
Laurasian area we have Mixosaurus nordenskioeldii and Omphalosaurus 4 
nisseri. This distribution leads to the following remarks: 
a) The genus Phalarodon is perhaps represented in these two areas by the 
same species, P. fraasi. However, the northern Laurasian specimens are )} 

too poorly known (only fragmentary bones with teeth) to be certain | 
about their specific identity. I proposed elsewhere (Mazin, 1984) to 
identify the northern Laurasian specimens as Phalarodon cf. fraasi until 

new data become available. 

b) The presence of the genus Cymbospondylus is not clearly attested in the 
northern Laurasian area. Nevertheless, this genus seems to have been 
common in the eastern Pacific area, and it was perhaps present in the © 
Germanic area. If this is the case, the rarity of Cymbospondylus from the || 
northern Laurasian area is probably due to a gap in the fossil record. 4 

c) The very rare genus Pessosaurus, with the single species P. polaris, is | 
only known in the northern Laurasian area. It may have been a 
northern Laurasian endemic species. But it is poorly known, and its 
affinities within the Ichthyopterygia are not clear. 
Consequently, it is clear that, at least at some time during the Middle | 
Triassic, free communications existed between these two areas since most 
of the genera are common. But these communications were not constant > 
since we can show specific particularities. Data from the geographical region | 
between these two areas (present Alaska and Northern Canada) would give 
important precisions about the modalities of these exchanges. Communica- 
tions and faunal exchanges are also observable between the northern 
Laurasian area and the epicontinental Germanic area during the Middle 
Triassic (Fig. 2d). This is clearly supported by the presence of the genus 
Mixosaurus in both areas (M. nordenskioeldii in present Spitsbergen and M. 
atavus in present Germany). The phylogenetic relationships are sufficiently 
clear to suppose that Mixosaurus colonised the Germanic area from the , 
northern Laurasian area (Mazin, 1983). Moreover, we have to note the 
presence of some “non-mixosaur” ichthyosaurian remains in the Germanic , 
area during Muschelkalk times. These remains, essentially vertebrae, were | 
described by Hurne (1916) and referred to some genera known in Spits- 
bergen and/or in North America. Altogether, Hugne referred three new 
species to the genus Mixosaurus (M. major, M. helveticus, M. intermedius); 
two new species to the genus Cymbospondylus (C. parvus, C. germanicus); one | 
new species to the genus Pessosaurus (P. suevicus); one new species to the — 
Upper Triassic North American genus Shastasaurus (S. merriami) and three 
other specimens to this same genus without specific determination (Shasta- 
saurus sp. I, II and III). Huene also reported the presence of another upper . 
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Jassic North-American genus, Delphinosaurus, without specific attribution. 
Rally he named a new genus, Pachygonosaurus, without a type species. 
«ere is no doubt that among this abundance of new species, some must be 
iL But there is no doubt, either, that some of these taxa are invalid, 
pecially the genus Pachygonosaurus which has no type species. A general 
vision of these remains is necessary to specify what ichthyopterygian 
Pcies inhabited the Germanic area. However, this shows that “non- 
i ae ichthyosaurs did swim in the epicontinental waters of the 
trmanic area, coming probably from the northern Laurasian area, since 
ey seem totally unknown in the Tethysian area. 

Communications and faunal exchanges probably existed also between the 
rrmanic area and the Tethysian area during the Middle Triassic (Fig. 2 d). 
his is mainly supported by the mixosaurs known from both areas. They 
km to have been relatively abundant, notably in the Tethysian area, where 
10 species and two Mixosauridae incertae sedis were found: Mixosaurus 
rnalianus, a well known species from Tessin (Italy and Switzerland), 
ixosaurus maotaiensis from Kweichou (China), Mixosaurus sp. from Timor 
ee necie) (previously named M. timorensis by Broıuı, 1931, but this has to 
considered as a nomen dubium because of the scarcity of the remains). 
nally a small vertebra, found by O. Monop in the Middle Triassic of the 
»stern Taurides of Turkey (unpublished) can be undoubtedly referred to an 
ıdetermined mixosaurid. Thus, the only Middle Triassic Tethysian ichthyo- 
urs seem to have been Mixosauridae. As I showed elsewhere (Mazın, 
83), Mixosaurus cornalianus can be considered as the most primitive 
ixosaur. Mixosaurs could have originated in the western part of the Tethys, 
d, from there have migrated both to the eastern part of the Tethys (China, 
mor) and to the Germanic area. The presence of Nothosauria and Placo- 
yntia simultaneously and exclusively in the Tethysian and Germanic areas 
pports this hypothesis. Indeed, these two marine reptilian groups, which 
obably originated in the Tethys, migrated to the Germanic realm during 
e Middle Triassic. The presence and the affinities of the nothosaurian and 
acodontian faunas in these two areas support the existence of a route 
nnecting the Germanic sea with the Tethys. The geographical point of 
igin of the mixosaurian dispersion being probably the Western Tethys, they 
ay at first have dispersed along the northern coasts of the Tethys (Turkey, 
nina, possibly Timor), simultaneously with nothosaurs and, to some extent, 
th placodonts. When the connection between the Tethys and the 
srmanic sea did open, probably in the Early Ladinian, mixosaurs, notho- 
urs and placodonts dispersed towards the Germanic area. But this 
nnection has probably been punctual or discontinuous in time. Indeed, 
t of a dozen genera of placodonts one only (Psephosaurus) is known from 
th areas; out of about 30 genera of nothosaurs, only one (Nothosaurus) 
sms to have been present in both areas; from several genera of “non- 
xosaur” ichthyosaurs living in the Northern Laurasian or Germanic area, 
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none is known in the Tethysian area (with some doubt, however, about thal 
remains from Timor). Thus, the barrier between the Tethys and the Germanic 
sea must have been selective. ) 

It is interesting to compare the geographical range of Middle Triassic 
fishes with those of the marine reptiles. Two genera of fishes are important |) 
because they are not known before the Middle Triassic: Colobodus and Placo- 
pleurus, respectively found in Germany, Northern Shensi and Sinai, and in 
Italy and China. Colobodus, probably a shallow marine form preying on) 
animals with hard external tissues, is known on both sides of the barrier 
between the Germanic and Tethysian areas, while Placopleurus is an exclu- 
sively Tethysian fish. This supports the idea that a selective route opened. 
some time in the Middle Triassic. 

We have to note the presence of another mixosaurian ichthyosaur in the 
Western Pacific area. Hecror (1873) erected the name Ichthyosaurus australis 
for ichthyosaur remains from New Zealand, probably Middle Triassic in age. | 
Some years later, LyDEKKER (1889) named this form Mixosaurus hectort. 
Unfortunately it seems that today the holotype material, as well as additional 
remains, are lost. However, the presence of a mixosaurid is attested in New. 
Zealand and this is the only attested Gondwanian Middle Triassic 
ichthyosaur known. But the problem is to understand how such a small 
ichthyosaur could reach the Southwestern Pacific coasts, and from which 
point? Two possibilities are available: either from the Tethysian area by 
dispersal along the southern coast of the Tethys, or from the Eastern Pacific 
area by dispersal across the Pacific. Unfortunately we have no phylogenetic 
evidence because of the scarcity of the remains, and the affinities of this 
form within the Mixosauridae are not really clear. Since these mixosaurs 
probably lived near the coasts, it is logical to think that they were unable to 
cross an important pelagic zone, so that a dispersal along the Tethysian 
coasts is more probable. 


3. Upper Triassic 


During the Upper Triassic the problem of geographical range of ichthyo- 
saurs is complicated by the scarcity of fossils. We do know an important 
series of localities in the USA (Nevada, California) and some punctual 
localities in Tibet, New Zealand and New Caledonia. We can offer several 4 
explanations and remarks about this rarity. 

a) This rarity of fossil remains is probably meaningless and does not. 
reflect the actual frequence of Upper Triassic ichthyosaurs, since we ; 
know at least eight genera in the Upper Triassic against five in the ı 
Middle Triassic. Moreover, some localities such as those in Nevada 
have yielded several dozen specimens. | 

b)Up to now, no upper Triassic ichthyosaur has been found in Europe. 
This is probably due to the trend shown by ichthyosaurs to become | 
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pelagic. However, it should be noticed that during the same period 
nothosaurs are also unknown in Europe while placodonts are present. 

c) Some evidence supports the presence of Upper Triassic ichthyosaurs in 
the area corresponding to the present North American Arctic zone 
(Exmouth island, BeicHer, 1856; Alaska; Parrisn, pers. comm.; 
Ellesmere Island). This proves that the Northern Laurasiatic route was 
at least partly open for marine animals (Fig. 2). 

d) Some Upper Triassic ichthyosaur remains from New Zealand and New 
Caledonia have recently been discovered and described (CampBELL, 
1965; Mazin, 1985). These forms show obvious affinities with the 
North-American contemporaneous forms. Thus, it is clear that these 
pelagic ichthyosaurs (Shastasaurus, Shonisaurus) were able cross to a 
pelagic area to come from the Eastern Pacific area to this South- 
western Pacific area (Fig. 3e). 

e) Curiously, the two species reported from Tibet (Tibetosaurus tingjiensis 
and Himalayasaurus tibetensis) are quite different from these North- 
American forms and show no obvious affınities with other ichthyo- 
saurs. It would seem that, during the Upper Triassic, Tethysian ichthyo- 
saurs were separated from other ichthyosaurs and that the Tethys was 
an independent area without exchanges. No Tethysian marine reptiles 
are known elsewhere and, conversely, no western or eastern Pacific 
ichthyosaurs are known in the Tethysian area (Fig. 4). 

f) The geographical range of upper Triassic invertebrates gives some 
additional informations about the distribution of marine reptiles. For 
example, the bivalve Monotis shows a typical geographical range since 
it is known in the Tethysian area, and on the Western and Eastern 
coasts of the Pacific. That is the disjointed Tethysian distribution 
proposed by THenıus (1980). This shows that the communications 
between the Pacific and the Tethys were free for such invertebrates. 
The absence of Pacific ichthyosaurs in the Tethys during the Upper 
Triassic is thus probably due either to gaps in the fossil record, or to 
the presence of a selective barrier between these two areas. 
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